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Abt.  I. — Memoir  of  ike  Life  of  Maethi  HsmT  KunxytBk^ 
By  E.  G.  FiscHXR*   {Edm.  Philos.  Jour.) 

Mabtot  HsifBT  Klaprotr,  who  was  born  at  Wermgerode 
CD  the  Ist  of  December  1743,  and  died  at  Berlin  on  the  1st 
of  January  1817,  is  a  remarkable  instance  of  the  extent 
to  which  a  powerful  mind  may  deliver  itself,  by  a  calm,  but 
conscientious  and  persevering  assiduity,  fix>m  a  fate  which 
seemed  to  have  aoomed  it  to  mediocrity  or  insignificance. 
His  father,  a  citizen  of  Wemigerode,  had  the  misfortune  to 
lose  his  whole  goods  by  a  great  fire,  on  the  30th  of  June 
1751,  so  that  he  was  able  to  do  little  or  nothing  for  the  edu* 
cation  of  his  children.  The  subject  of  this  memoir  was  the 
second  of  three  brothers,  of  whom  the  eldest,  a  respectable 
clergyman,  dic^d  many  years  ago  at  Plauen  on  the  Havel, — 
the  youngest,  who  was  rrivate  Secretary  at  War,  and  Keep- 
er of  the  Archives  of  the  Cabinet,  died  a  few  years  ago  at 
Berlin.  Klaproth,  Uke  his  two  brothers,  obtained  such  mea- 
gre instructi<ms,  in  the  Latin  language,  as  the  school  of 
Wemigerode  afforded,  and  was  obliged,  like  them,  also  to 
procure  his  small  school  fees,  by  singing  as  one  of  the  church 
choir.    But  the  very  circumstance  which  the  wisdom  of 


*  Resd  at  ^e  Poblie  Sittiog  of  the  Royal  Aoademy  of  Seiaoce*  at  Btfr- 
Vs. 

TlGtM  H. — ^NO.  1.  1 


2'  M.  Fisduf^s  Memoir  of  the  Life  ofKhproih. 

Providence  made  the  beginning  of  his  future  distinguished 
tjourse  in  life,  seemed  likely  at  the  time  of  its  occurrence  to 
have  placed  him  in  a  sphere  infeiior  to  that  of  his  brother. 
It  was  his  first  intention,  as  it  was  also  that  of  his  elder 
brother,  to  have  studied  theology,  but  an  unmerited  hard 
treatment  which  he  met  with  at  schpol,  so  disinclined  him  to 
study,  that  he  determined,  in  his  16th  year,  to  learn  the  trade 
of  an  Apothecary.  Five  years  which  he  was  forced  to 
spend  as  an  apprentice,  and  two  which  he  passed  as  an 
assistant,  in  the  public  laboratory  at  Quedlinburg,'do  not 
seem  to  have  furnished  the  best  education  for  a  great  chem- 
ist ;  for  they  placed  him  out  of  the  reach  of  scientific  study, 
.and  insteacTof  that,  secured  nothing  for  him  but  a  certain 
mechanical  adroitness  in  the  most  common  pharmaceutical 
preparations.  In  a  paper  which  was  found  amongst  those  that 
ne  has  left  behind  him,  he  thus  expresses  himself:  '^  I  can- 
not boast  of  the  instruction  which  I  have  received  from  mv 
teachers.  On  the  contrary,  I  was  obliged  to  content  myself 
with  such  information  as  I  could  gain,  in  those  times,  from  the 
mechanical  operations  of  my  elder  companions,  and  with  the 
perusal  of  a  few  old  Apothecary  books,  for  the  study  of 
which,  too,  I  had  but  little  leisure.'' 

He  always  regarded,  as  the  epoch  of  his  scientific  mstruc- 
tion,  the  time  when  he  first  entered  the  public  laboratory  at 
Hanover j  in  which  he  spent  two  years,  namely,  from  Easter 
1766  till  the  same  time  m  1768.  It  was  there  that  he  first 
met  with  some  chemical  works  of  merit,  especially  those  of 
Spielman  and  Cartheuser,  in  which  a  higher  scientific  spirit 
already  breathed. 

The  love  of  science  thus  awakened,  naturally  aimed  at  a 
more  complete  developement.  He  was  anxious'  to  go  to 
Berlin,  of  which  he  had  formed  a  high  idea  from  the 
chemical  works  of  Pott,  Henkel,  Rose  the  elder,  and  Mark- 
graf.  An  opportunity  presented  itself,  and,  about  Easter 
1768,  he  was  placed  as  assistant  in  the  laboratory  of  Wend- 
land,  at  the  sign  of  the  Golden  Angel,  in  the  Street  of  the 
Moors.  Here  he  employed  all  the  leisure  which  a  conscien- 
tious discharge  of  the  duties  of  his  staxion  left  him,  in  com- 
pleting his  own  scientific  education.  And  as  he  judged  very 
correctly,  that  a  profounder  acquaintance  with  the  ancient 
languages,  than  he  nad  been  able  to  bring  with  him  from  the 
Latin  school  at  Wemigerode;  was  indispensable  for  a  com- 
plete scientific  education,  he  applied  himself  with  great  zeal 
to  the  study  of  the  Greek  and  Latin  languages,  and  had  the 
-^ood  fortune  to  enjoy  in  this  study,  the  assistance  of  a  worthy 
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^Okd  leaned  Preacher  and  Doctor  of  Thetdogy,  who  is  still 
alive,  I  mean  Mr  Pomrfebaum* 

After  two  years  ana  a  half,  that  is,  about  Michaelmas  1 770, 
lie  was  permitted,  bj  fortunate  circumstances,  to  go  to  Dant- 
zig,  as  assistant  in  the  public  laboratoiy.    But  in  march  of 
the  folk»wing  year,  he  returned  to  Berlin,  as  assistant  in  the 
office  <^  the  elder  Valentine  Rose,  who  at  that  time  was 
known  as  one  <^  the  most  distinguished  chemists  of  his  day. 
But  this  connexion  did  not  continue  long,  for  Rose  died  in 
1771.    On  his  death-bed  he  requested  K.la(»t>th  to  undei^ 
take  the  superintendence  of  his  office.    He  thus,  after  a  most 
honourable  and  long  continued  trial,  became  superintendant 
of  the  office  of  Rose,  in  which  a  greater  number  of  distin« 
guished  chemists  were  formed  than  in  any  other,  since,  beside 
the  elder  Rose  and  Klaproth,  this  office  affi)rded  a  larger  or 
smaller  portion  of  their  education  to  Hermbstadt,  Gehlen, 
Valentine,  the  younger  Rose,  and  several  other  excellent  phar- 
macopolists.     Klaproth  not  only  superintended  this  office  for 
nine  years,  with  the  most  exemplary  fidelity  and  conscientious- 
ness, but,  what  particularly  displayed  hi^  honourable  charac- 
ter as  a  man,  he  himself  undertook  the  education  of  the  two 
sons  of  Rose,  as  if  he  had  been  a  second  father  to  them. 
The  younger  of  the  two  died  when  be  had  scarcely  reached 
the  age  of  manhood.    The  elder,  whom,  after  his  own  exam- 
ple, he  permitted  to  pass  from  the  study  of  theology  to  that 
of  medicine,  became  in  after  life  his  most  intimate  Inend,  and 
the  associate  of  all  his  scientific  researches.     Several  years 
before  the  death  of  Rose,  which  happened  in  1808,  much 
too  soon  for  science,  they  wrought  together,  and  Klaproth 
was  seldom  satisfied  with  the  results  of  his  experiments,  till 
they  were  repeated  by  Rose.     Klaproth  often  asserted  to 
the  author  of  tlus  memoir,  that,  in  regard  to  many  of  his  dis- 
coveries, as,  for  instance,  with  respect  to  the  important  method 
of  analyzing  by  means  of  barytes,  he  scarcely  knew  whether 
the  merit  of  the  discovery  was  more  to  be  ascribed  to  hi|n- 
self  or  to  Rose.   Like  Valentine  Rose,  all  the  other  members 
of  the  worthy  family  of  Rose  honoured  Klaproth  with  the 
att^tion  of  children  till  his  death. 

In  the  year  1780,  when  Klaproth  was  thirty-seven  years 
of  age,  he  went  through  his  trials  for  the  office  of  Apotheca- 
ry, with  distinguished  applause.  His  Thesis,  "  On  Phospho- 
rus and  Distilled  Waters,'^  was  printed  in  the  Berlin  Miscel- 
lanies for  1 782.  Soon  after  this,  Klaproth  bought  what  had 
formerly  been  the  Fleming  Laboratory  in  the  Spandau  Street, 
and  he  married  Sophia  Qhristiana  Lehman,  with  whom  ho 
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lived  till  1803  (when  she  was  taken  from  him  by  death,)  in 
a  happy  state  of  marriage,  the  fruits  of  wiiich,  tliree  daugh* 
ters  and  one  son,  now  survive  their  parents*  He  continued 
in  possession  of  this  laboratory,  in*  whi<^  he  had  arranged, 
for  his  scientific  labours,  a  small  work-room  of  his  own,  till 
the  year  1800,  when  he  purchased  the  room  of  the  academi- 
cal chemists,  in  which  he  was  enabled,  at  the  expense  of  the 
academy,  to  furnish  a  better  and  more  spacious  apartment 
for  his  labours,  for  his  extremely  valuable  mineralogical  and 
chemical  collection,  and  for  his  lectures. 

As  soon  as  Klaproth  had  iHt>ught  the  first  arrangement  of 
his  office  to  perfection, — an  office  which,  under  bis  inspection 
and  management,  has  always  been  a  model  of  a  laboratory, 
conducted  upon  the  most  excellent  principles,  and  governed 
with  exact  conscientiousnes8,^-4bere  •  appeared  in  Cr^lPs 
Oiemieal  Annals^ — ^in  the  Wriiw^s  of  Ae  Soctely  for  At  Pro" 
motion  of  Jfatural  KnowUdge^^^m  Setters  Contributions  to  the 
Scknce  of  Jfature  and  of  Medicine^ — in  KoUer^s  Journal^  and 
in  other  periodical  works, — a  multitude  of  essays  by  him, 
which  drew  the  attention  of  all  chemists,  and  afterwards 
gained  for  him  the  rank  of  the  first  analytical  chemist  in 
Europe.  Of  these  labours,  we  may  mention  only  an  Essay 
on  Copal, — on  the  Elastic  Stone, — on  the  Pearl-Salt  of  Ph>ust, 
—on  the  Green  Lead-Spar  of  Tschoppau,  on  the  best 
Method  of  preparing  Ammonia^ — on  the  Carbonate  of  Ba* 

Stes,— on  the  Wol&am  of  Cornwall, — on  the  Wood  Tin» 
■e,— on  the  Violet  Schorl,— on  the  celebrated  Aerial  Gold, 
— on  Apatite, — and  so  forth.  All  these  labours,  by  means 
of  which  scientific  chemistrv  was  illustrated  and  enriched, 
were  gone  through  before  tne  year  1788,  when  he  was 
adopted  as  an  ordinary  member  of  the  physical  class  of  the 
Royal  Academy  of  Sciences,  the  Royal  Academy  of  Arts 
having  elected  him  one  of  their  members  a  year  before. 
From  this  time,  not  only  all  the  volumes  of  our  academical 
memoirs,  but  several  of  our  well  known  daily  papers,  con- 
tained a  multitude  of  new  discoveries  by  this  accomplished 
chemist;  and  we  must  say,  that,  amidst  all  this  crowd  of  his 
works,  there  is  not  one  by  which  we  have  not  been  led  to  a 
m(H*e  exact  knowledge  of  some  one  or  other  of  the  produc- 
tions of  nature  or  of  art,  since  in  these  works  he  has  either 
corrected  false  representations,  or  extended  views  that  were 
before  partially  Known^  or  has  revealed  the  internal  and 
formeriy  unknown  composition  and  mixture  of  the  parts  of 
bodies,  and  has  made  us  acquainted  with  a  multitude  of  new  ' 
elementary  substances.    Amidst  ^  these  labours,  it  is  diffii> 
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cnk  to  say,  whether  we  should  most  admire  the  fortunate 
geniiis,  which  in  all  cases  readily  and  easily  diviaed  the 
point  where  any  thing  of  importance  lay  concealed ;  er  the 
acutcness  whicn  enaUed  him  to  find  out  the  best  means  oi 
obtaining  his  object, — or  the  unceasing  labour,  and  the  in« 
coa^jarsSUe  exactness  with  which  he  developed  it, — or,  last« 
ly,  the  pure  scientific  feeling  under  which  he  acted,  and 
which  was  removed  at  the  utmost  possible  distance  from 
every  selfish,  every  avaricious,  and  every  contentious  purpose. 

H(e  very  properly  began  in  1796  to  collect  his  works, 
which  were  di^rsed  amcmg  so  many  iHsriodical  publica* 
tions,  and  to  edite  them  under  the  title  of  QmirAuHons  to  tht 
Chemcai  KnowUdge  rf  Mimral  Bodits.  Of  this  worit,  wliich 
must  always  be  a  classinl  production  in  chemical  literature, 
six  volumes  had  appeared  by  the  year  1815.  It  contains, 
in  no  fewer  than  907  treatises,  the  most  valuable  part  et  all 
that  Klaproth  had  done  for  Chemistry  and  Mineralogy;  and 
it  is  to  be  wished  that  the  profits  may  so  turn  out  as  to  lead 
to  the  collection  <tf  a  few  essays  which  still  remain  dispersed, 
into  a  seventh  volume,  and  to  the  furnishing  of  the  whole  with 
a  good  index;  an  undertaking  which,  to  a  young  chemist, 
anxious  to  perfect  his  knowlrage,  would  be  as  full  of  instruc- 
tion as  of  pleasure* 

Beside  Klaproth's  own  printed  wortcs,  the  interest  which 
he  took  in  several  important  labours  of  others,  ought  not  to 
pass  unnoticed.  He  superintended  a  new  edition  of  Gren's 
Manoal  of  Chemistry,  with  respect  to  which,  however,  he 
did  not  seek  to  earn  so  much  merit  by  what  he  added,  as  by 
what  he  took  away  and  corrected.  But  the  part  which  he 
took  in  the  Chemical  Vocabulary,  which  was  edited  under 
his  own  name,  and  that  of  Wolff,  was  of  great  importance. 
For  although  the  composition  of  every  particular  article  was 
the  labour  of  the  learned  Professor  Wolff,  yet  Klaproth  took 
such  an  active  interest  in  the  work,  that  he  read  through 
every  important  article  before  it  was  printed,  and  assisted 
the  editm-,  on  all  occasions,  with  the  treasures  of  his  expe- 
rience and  knowledge.  In  the  German  translation,  too,  of 
BerthoUet  on  Affinity  and  on  Chemical  Statics,  the  author  of 
the  present  memoir  was  much  indebted  to  the  revisal  of 
Klamoth. 

If  the  author  of  this  memoir  were  to  collect  the  merit  of 
Kla{Mt>th  as  a  chemist  into  one  great  feature,  he  would  place 
it  not  so  much  in  the  discovery  of  new  metals  and  earths,  as 
in  the  invention  of  more  exact  and  more  perfect  methods  of 
doalysis,  than  were  knowi^  before  bis  time.     The  formc^r 
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kind  of  merit  is  more  adapted  to  draw  the  attention  of  the 
public  at  large;  but  the  latter  is  of  infinitely  greater  conse-' 

3uence  to  science.  Passing  by  the  numberless  small  expe- 
ients  which  Klaproth  devised  for  procuring  a  more  unmixed 
deposition  and  separation  of  all  kinds  of  matters,  we  only 
notice  at  present  that  he  enriched  experimental  chemistry 
with  two  new  methods  of  analysis,  which  are  unlimited  in 
their  applications* 

The  first  of  these  was  the  complete  resolution  of  the  hard-, 
est  minerals,  by  means  of  fluid  caustic  alkali,  instead  of  the 
former  treatment  with  dry  caustic  alkali,  which  had  intro- 
duced the  use  of  silver  crucibles  and  saucers  into  experi- 
mental chemistry.  The  complete  resolution  of  the  hardest 
stones,  by  this  method  of  analysis,  %as  enabled  us  to  ascer- 
tain, with  extreme  accuracy,  the  quantity  of  earths,  oxydes, 
metals,  and  even  of  acids,  which  minerals  contain.  Exact 
analyses  of  this  kind  remain  sure  for  ever,  and  are  of  in^ 
portance  to  the  science,  independent  of  any  discoveries  which 
may  be  made,  respecting  the  particular  nature  of  the  sub- 
stances mentioned.  As,  for  instance,  the  capability  of  being 
decomposed,  which  was  afterwards  discovered  to  belong  to 
the  earths,  makes  not  one  cypher  incorrect  or  superfluous  in 
such  analysis.  The  advantage  of  this,method  is  particularly 
evident  in  the  decomposition  of  corundum  or  diamond-spar. 
As  Klaproth  first  attempted  the  analysis  of  these  bodies,  by 
the  former  ihethod  of  decomposition,  he  found  a  considerable 
remainder  of  matter  unaccounted  for.  On  the  suspicion, 
which  he  then  expressed,  that  this  remainder  might  perhaps 
be  a  new,  and  yet  undiscovered  earth,  many  compilers  of 
school  books  were  in  a  hurry  to  admit  the  earth  of  corun- 
dum into  the  list  of  the  simple  earths.  But  when  Klaproth 
repeated  the  analysis,  by  means  of  the. liquid  alkali,  he  found 
that  this  substance  was  one  of  the  many  compositions  of  sili- 
ceous and  argillaceous  earths,  which  had  not  previously  been 
known,  and  which  in  former  analyses  had  sometimes  been 
referred  to  the  one  kind  of  earth,  and  at  other  times  to  the 
other.  In  the  same  manner,  the  chemists  of  England  gave 
an  account  of  a  species  of  sand,  which  had  been  brought 
from  New  Holland,  as  a  new  €arth ;  but  Klaproth  shewed, 
by  his  ifew  method  of  analysis,  that  this  body  also,  which 
had  already  been  introduced  into  introductory  treatises,  un- 
der the  name  of  ''  the  Austral  Earth,'^  was  nothing  but  an 
intimate  mixture  of  siliceous  and  argillaceous  earth.  Indeed, 
the  first  analyses  that  can  be  considered  as  certain,  are  those 
which  have  been  undertaken  on  tUs  plan.     Hence,  by  thi.^ 
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discovery^  almost  all  the  more  early  analyses  have  lost  their 
value.  Of  what  inestimable  moment  such  a  discovery  must 
be,  not  merely  to  experimental  chemistry,  but  to  the  whole 
of  the  science  of  nature,  even  aithoi^h  Klaproth  had  not 
discovered  by  means  of  it  a  single  unknown  t)ody,  does  not 
require  to  be  more  particularly  stated.  In  the  numerous 
exact  analyses  which  Klaproth  conducted  according  to  this 
method,  there  was  ahnost  always  discovered  at  last  to  be  a 
small  loss,  that  is  to  say,  the  weight  of  all  the  single  compo* 
nent  parts  was  ascertained  to  be  somewhat  less  than  the 
weight  of  the  mineral  which  had  been  analysed.  He  in 
every  case  stated  this  loss  with  great  precision,  and  by  this 
incorruptible  regard  to  truth,  he  obviously  procured  for  the 
results  of  his  labours  a  much  greater  certamty  than  if  he  had 
permitted  himself,  as  he  mignt  easily  have  done,  to  conceal 
this  loss  under  inconsiderable  changes  in  the  decimal  figures. 
He  also  nev^  gave  his  results,  as  he  likewise  easily  might 
have  done,  in  #|reat  crowd  of  decimals,  by  which  means 
the  appearance  of  liiuch  exactness  is  sometimes  gained,  but 
he  eave  only  as  many  cyphers  as  were  sure.  As  long  as 
the  loss  amounted  only  to  a  few  thousand  parts  of  the  whole, 
it  might. easily  be  rdferred  to  those  small  mistakes  which 
in  every  course  of  experiments  are  unavoidable,  from  the 
limited  nature  (rf*  our  senses  and  instruments.  But,  in  some 
analyses,  as,  for  instance,  in  that  of  Felspar,  a  loss  of  some 
hundred  parts  was  discovered.  Such  a  loss,  considering  the 
care  with  which  Klaproth  laboured,  could  only  arise  from 
some  of  the  constituent  parts  having  entirely  escaped  ob- 
servation during  this  method  of  resolution.  Convinced  that 
this  could  be  neither  an  earth  nor  a  metal,  nor  an  acid,  nor 
water,  nor  any  other  volatile  matter,  he  at  last  began  to  sus- 
pect that  peniapB  many  minerals  might  contain  a  hitherto 
unsuspected  quantity  of  fixec^  alkali,  which  could  not  be  dis- 
covered by  the  method  of  analyses  by  means  of  these  alka- 
lies. This  consideration  led  to  Klaproth's  second  mat  in- . 
'  vention,  I  mean,  the  method  of  analysis  by  means  of  barytes, 
although,  as  was  formerly  remarked,  the  excellent  Rose  had 
no  inconsiderable  part  in  this  invention.  The  event  justified 
Klaproth^s  suspicion,  since  he  actually  discovered  a  consider- 
able quantity  of  fixed  alkali  in  felspar,  porphyry-slate,  and 
-many  other  minerals. 

By  the  union  of  these  two  efiective  methods  of  analysis, 
Klaproth  has  in  fact  brought  the  art  of  chemical  analysis  to 
such  a  deeree  of  perfection,  that  we  are  entitled  to  expect, 
not  only  that  all  the  fundamental  constituents  of  minerals^ 
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but  even  their  relative  qualities,  will,  by  degrees,  be  deter* 
mined  with  perfect  correctness*  But  he  not  only  laid  the 
foundation  of  this  reform;  he^has  even  reared  a  great  and 
considerable  portion  of  the  superstructure.  His  anafyses  have 
hitb^to  been  found  so  correct,  that  even  in  the  most  careful 
repetitions  of  them,  whether  with  or  without  any  chanse  of 
the  method  of  resolution,  only  inconsiderable  variations  have 
been  found.  And,  althougn,  as  has  been  done  lately  by 
jBome  celebrated  natural  historians,  great  improvements  have 
been  suggested  merely  upon  hypothetical  views,  yet  we  are 
bound  to  demand  that  the  mistake  should  first  be  pointed 
out  by  experimental  investigators.  Facts  are  the  only  sure 
foundation  not  only  of  chemistry,  but  of  all  science  without 
exception.  Even  mathematics  and  philosophy  are  no  ex- 
ceptions to  this ',  for  they  must  rest  on  the  facts  of  natural 
consciousness,  if  they  are  at  all  well  founded.  Hypothetical 
views  are  indispensable  for  the  promotion  of  trutn:  but  it  is 
clear  that  they  can  never  furnish  a  firm  foundation  of  science. 
Wherever,  therefore,  there  is  an  evident  opposition  between 
a  hvpothesis  and  facts,  our  first  duty  is  to  examine  whether 
the  foundation  can  be  so  cleared  out  as  to  evince  either  the 
incOTrec^ess  of  the  supposed  facts  or  of  the  hypothesis.  But 
if  the  foundation  cannot  be  so  cleared  out,  the  suspicion  of 
incorrectness  must  then  fall  upon  the  hypothesis,  until  some 
mistake  as  to  facts  has  been  fmved. 

It  is  hence  not  to  be  doubted,  that  even  distant  posterity 
will  honour  the  merits  of  this  distinguished  man,  who  has  not 
merely  examined  and  explained  a  greater  number  of  facts 
than  perhaps  any  other  chemist,  but  who,  more  especially 
b^  the  methods  of  analyses  proposed  by  him,  as  well  as  by 
his  own  excellent  models  of  proceeding,  has  shewed  natural- 
ists the  way  by  which  they  may  ennch  science  with  new 
facts,  and  may  render  those  tlmt  are  already  known  still 
more  perfect  and  exact.  The  great  care  which  Klaproth 
employed  in  securing  the  neatness  of  his  experiments,  was 
not  the  least  of  his  merits,  not  only  because  tne  great  confi- 
dence which  his  labours  deserve  rest  chiefly  upon  this  cir- 
cumstance, but  also  because  in  this  he  was  a  pattern  to  all 
practical  chemists. 

To  this  quality  must  be  referred  the  attention  which  he 
bestowed  on  his  instruments.  When  he  had  to  do  with  very 
hard  minerals,  he  used  a  mortar  of  flint,  but  he  previously 
analysed  it,  and  did  not  neglect  the  small  and  scarcely  per- 
ceptible increase  of  weight  which  the  matter  under  examina« 
tion  derived  from  continued  rubbii^,  and,  accwding  to  the 
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differences  of  the  substances  that  were  before  him,  it  was  by 
no  means  a  matter  of  little  moment  in  his  estimation,  whether 
the  pounding  which  was  always  continXied  till  the  body  was 
reduced  to  an  impalpable  powder  was  conducted  in  vessels 
of  ffint,  of  cakeoony,  of  glass,  of  serpentine,  or  of  metal* 
And  when  he  operated  with  fire,  he  always  selected  his  ves- 
sels, whether  of  earthen-ware,  of  glass,  of  graphite,  of  iron, 
of  silver,  or  of  platina,  upon  fixed  principles,  and  showed 
more  distinctly  man  chemists  had  previously  been  aware, 
what  an  effect  the  vessel  often-  has  upon  the  result.  Not  less 
important  was  the  extreme  care  which  he  used  in  preparing 
pure  reagents,  for  obtaining  which  in  their  most  perfect  statc^ 
he  invented  several  effikrient  methods. 

Nor  must  we  pass  unnoticed  his  scientific  manner,  both  in 
orai  delivery  and  in  composition*  His  language  was  simple 
and  unadorned,  but  clear,  well  defined,  and  condensed.  He 
never  used  more  words  than  were  absolutely  necessary  for 
a  complete  elucidation  of  the  matter  in  hand.  He  rather 
pointed  out  than  entered  into  any  discursive  exhibition  of 
the  grounds  of  his  operations, — ^in  general,  he  employed  few 
reasonings,  and  only  a  simple  statement  of  the  essential  cir- 
cumstances of  an  experiment  and  of  its  consequences.  It 
was  particularly  remarkable  in  him,  however,  that  neither 
in  his  dtol  communications,  nor  in  writing,  neither  in  plain 
words  nor  by  hints,  did  he  ever  attempt  to  exaJt  his  own 
discoveries,  or  to  bring  them  nearer  either  to  the  eye  or  the 
ear  of  his  hearers.  His  pupils  never  heard  from  his  own 
mouth  how  much  science  hao  been  indebted  to  him,  so  utter- 
ly averse  was  he  to  all  vanity,  all  boasting,  and  all  selfish- 
ness. In  a  word,  truth  and  science  were  every  thing  with 
Inm;  the  moment  these  began  to  occupy  him,  every  other 
interest  was  hushed,  and  passed  into  the  back  ground. 

The  essays  which  he  has  given  to  the  public,  with  a  few 
exceptions,  contain  analyses  of  inorganic  bodies.  But  it 
would  be  a  mistake  to  infer  from  this,  that  his  chemical 
laiowledge  was  of  a  partial  nature.  It  is  quite  natural,  that 
a  man  of  exceQent  talents  should  devote  himself  with  a  pre- 
ference to  that  particular  field  in  which  his  first  attempts 
had  been  followed  by  distinguished  results, — where  he  had 
found  many  weeds  to  root  out,  much  space  to  be  planted 
anew,  and  a  great  deal  of  uncultivated  ground  to  be  render- 
ed productive.  But  he  is  not  likely  to  have  accomplished 
any  thinff  remarkable,  even  in  that  department  which  ne  had 
chosen  for  himself,  nor  any  thing  that  has  a  relation  to  the 
whole  science,  unless  he  is  thoroughly  acquainted  with  all  its 

VOL.  II. NO.  1.        ■  2 


10        M.  Fischer^s  Memoiv  of  the  Life  of  Klaproih* 

parts.  Every  science  is  a  great  and  intimately  connectisd 
whole,  no  part  of  which  can  be  cultivated  with  any  unpor- 
tant  result  in  an  isolated  state.  It  is  true  that  a  person  of 
a  peculiar  taste,  may  attach  himself  to  one  part  of  a  science 
which,  in  its  entire  extent,  is  unknown  to  him,  and  in  that 
single  department  may  make  many  discoveries,  as  Franklin 
in  electricity,  or  may  make  some  fine  observations,  as  was 
done  by  Gothe,  in  regard  to  colours.  But,  in  such  instances, 
the  person  must  be  at  the  greatest  loss  for  proper  means  of 
estimating  causes,  both  in  the  material  and  intellectual  world, 
^i— he  must  be  constantly  exposed  to  the  danger  of  mistaking 
what  is  insignificant  for  what  is  important; — what  is  great 
for  what  is  superfluous, — truth  for  error,  and  error  for  truth  ; 
in  short,  his  labours  cannot  have  that  completely  solid  result 
which  attended  those  of  Klaproth.  Those  who  knew  him 
intimately,  are  aware  that  he  kept  fully  up  with  the  pro- 
cess of  his  age,  and  that  nothing  wnich  was  miportant  with- 
m  the  dominions  of  his  science  escaped  his  notice.  But  he 
was  not  satisfied  with  merely  reading  and  understanding 
what  had  been  done  by  others ;  he  repeated  every  new  ex- 

Jjeriment,  to  whatever  department  of  his  science  it  might  be- 
ong,  to  convince  himself  of  the  correctness  of  the  facts  that 
were  announced.  How  susceptible  he  was  of  the  impression 
of  new  views,  was  distinctly  seen  at  the  time  of  thcijintiphlo- 
gistic  chemistry,  when,  with  the  utmost  alacrity,  he  over- 
turned his  whole  previous  system,  the  moment  he  was  con- 
vmced,  by  a  careful  repetition  of  the  experiments,  of  the 
correctness  of  the  facts  on  which  Lavoisier  had  founded  his 
new  doctrines.  Even  in  his  advanced  years,  he  did  not  te- 
naciously adhere  to  his  old  views.  In  early  life  he  had 
adopted,  like  all  other  chemists,  the  doctrine  of  affinities  pro- 
posed by  Bergmann,  as  the  foundation  of  his  explanations, 
although  he  took  many  opportunities  of  warning  those  who 
attended  his  lectures  respecting  its  insufficiency.  When  Ber- 
thoUet^s  investigations,  respecting  the  laws  of  affinity  ap- 
peared, he  completely  satisfied  hmiself  of  the  untenable  na- 
ture of  his  former  views ;  and  although  he  did  not  think 
that,  in  re^rd  to  several  particulars,  he  could  assent  to  the 
decision  of  the  ingenious  French  chemists, .  he  was  yet  per- 
fectly satisfied  as  to  the  correctness  of  the  principle  on  which 
all  the  investi^tions  of  Berthollet  proceed,  namely,  thai  no 
one  power  is  Mequate  to  the  explanation  of  chemical  phenomena, 
but  that,  even  in  the  case  of  the  simplest  composition  or  reso- 
lution, several  powers  unite  their  energies.  He  also  admit- 
ted the  necessary  consequence  of  this  principle,  namely,  that 
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it  is  impossible  to  arrive  at  a  true  scientific  theory  in  chemis- 
try m  any  other  way,  but  by  the  most  careful  consideration 
and  ioFestigation  of  the  laws,  according  to  which  the  indi* 
vidua]  active  powers  and  circumstances,  that  is  to  say,  the 
powers  of  cohesion  and  of  expansion,  fluidity,  gravitation, 
quantity,  heat,  light,  electricity,  and  so  forth,  produce  their 
eiSect.  Klaproth  perceived  that  those  onljr  who  were  con- 
ducted as  by  the '  hand  by  the  presiding  deity  of  the  mathe- 
matics, could  niake  apy  consiaerable  advances  in  the  path 
which  Berthollet  had  opened  upon ;  and  he  was  hence  sorry 
that  his  defective  education  when  at  school  had  permitted 
him  only  to  obtain  a  very  superficial  acquaintance  with  that 
science,  in  which  with  better  opportunities,  he  would  un- 
questionably have  made  consideraole  progress,  since,  even 
without  the  aid  of  that  science,  he  had  been  able  to  appro- 
priate to  himself,  in  a  very  high  degree,  the  exactness  and 
solidity  of  the  mathematical  talent.  The  value  which  he 
put,  in  general,  upon  the  views  of  Berthollet,  was  the  motive 
which  induced  him  to  encourage  the  author  of  ^his  memoir 
to  translate  Berthollet^s  investigations  into  the  language  of 
G^maiiF.  But,  however  little  reason  the  translator  might 
have  to  De  dissatisfied  with  the  reception  which  his  labours 
gained  with  the  literary  public,  it  is  impossible  for  him  to 
conceal  from  himself,  that  they  have  never  vet  completeiv 
attained  the  end  proposed  by  them.  It  would  not  be  diffi- 
cult to  explain  the  causes  of  this.  They  are  to  be  found 
partly  in  some  unfavourable  accidents, — ^partly  in  certain  pe- 
culiarities of  the  age,  which  are  not  very  propitious  to  deep 
scientific  study.  But  a  more  detailed  explanation  of  these 
circumstances  is  foreign  to  the  purpose  of  this  memoir.  The 
author  contents  himself,  therefore,  with  adding,  that,  without 
making  any  pretensions  to  the  gift  of  prophecy,  he  may  ven- 
tHre  io  assert,  that,  sooner  or  later,  the  sound  principles  of 
Berthollet  must  be  had  recourse  to,  if  ever  chemistry  is  to 
be  placed  on  a  more  scientific  foundation. 

Even  at  an  advanced  period  of  life,  Klaproth  changed  his 
early  views  in  regard  to  many  objects,  as,  for  instance,  with 
respect  to  the  problematic  body,  named  Muriatic  Acid  ; 
with  respect  to  the  impossibility  of  decomposing  the  alkalies 
and  eartns,  and  several  other  points ;  and  by  these  changes  of 
opinion,  he  shewed,  that  even  advanced  years  had  not  deprived 
him  of  the  power  of  being  struck  by  new  views  and  ideas.  . 

With  so  manv  distinguished  scientific  claims,  it  is  not  to 
be  wondered,  that  all  tne  learned  societies  in  Europe,  whose 
object  was  in  any  way  connected  with  physical  science, 


12        M*  Fischer^s  Memoir  of  the  lift  of  Klaproth.' 

jShouldTiave  reckoned  it  an  honour  to  have  the  name  of  so 
illustrious  a  man  in  the  list  of  their  members.  Besides  the 
two  Academies  of  Science  and  of  Arts  in  Berlin,  he  was 
also  a  member  of  the  Academies  of  Paris,  London,  Peters- 
burg, Stockholm,  Copenhagen,  and  Munich,  and  of  many  as- 
sociations of  learned  men  at  Edinburgh,  Berlin,  Paris,  Mos- 
cow, Brussels,  Erfurt,  Halle,  Erlaneen,  Jena,  Potsdam, 
Leipsic,  Hamm,  Rostock,  and  other  places.  Among  his  pa- 
pers, there  was  found,  after  his  death,  not  less  than  thirty 
diplomas  from  learned  societies ;  and  the  king  (of  Prussia) 
aaded  to  these  honours,  in  the  year  1811,  the  order  of  the 
Red  Eagle  of  the  Third  Class. 

The  State  too,  in  acknowledgment  of  Klaproth's  merits, 
rewarded  his  industry  in  a  variety  of  ways.  So  far  back 
as  the  year  1 782,  he  had  been  Assessor  in  the  Supreme  Col- 
lege of  Medicine  and  of  Health,  which  then  existed ;  at  a 
more  recent  period,  he  enjoyed  the  same  rank  in  the  Su- 
preme Council  of  Medicme  and  of  Health :  and  when  this 
College  was  subverted  in  1810,  he  became  a  member  of  the 
Medical  Deputation  attached  to  the  Ministry  of  the  Interior. 
He  was  also  a  member  of  the  Perpetual  Court  Commission 
for  Medicines.  His  lectures,  too,  procured  for  him  several 
municipal  situations.  For  as  soon  as  the  public  became  ac- 
quainted with  his  great  chemical  acquirements,  he  was  per- 
mitted to  give  yearly,  two  private  courses  of  lectures  on 
chemistry,  one  for  the  officers  of  the  Royal  Artillery  Corps, 
the  other  for  persons  not  connected  with  the  army,  wno 
wished  to  accomplish  themselves  for  some  practical  employ- 
ment. Both  of  these  lectures  asi^umed  afterwards  a  munici- 
pal character.  The  former  led  to  his  appointment  as  Pro- 
fessor of  the  Artillery  Academy,  instituted  at  Tempelhoff, 
and  after  its  dissolution  to  his  situation  as  Professor  in  the 
Royal  War  School.  The  other  lecture  procured  for  him 
the  Professorship  of  Chemistry  in  the  Royal  Mining  Institute. 
On  the  establishment  of  the  present  University,  Klapi*oth's 
lectures  became  those  of  the  University,  and  he  himself  was 
appointed  ordinary  Professor  of  Chemistry,  and  a  member 
of  the  Academicaf  Senate.  Besides  these  public  lectures, 
our  departed  friend  was  an  active  member  from  1797  to  1810, 
of  a  small  scientific  society,  which  met  yearly  during  a  few 
weeks,  for  the  purpose  of  discussing  the  moi*e  recondite 
mysteries  of  the  science,  and  of  which  all  the  members  still 
retain  lively  recollections. 

I  cannot  resist  the  inclination  which  I  feel  to  repeat  in  this 
place,  a  remark  which  Klaproth  used  to  make  respecting  his 
prelections,  and  which  he  repeated  more  than  once  to  the 
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author  of  this  memoir,  as  well  as  to  several  other  friends. 
As  long  as  his  lectures  were  honoured  by  the  presence  of 
students  cmlj,  they  were  numerously  attended  and  earnestly 
listened  to ;  but  when  the  State  began  to  pay  for  a  part  of  the 
students,  a  considerable  number  of  these  began  forthwith  to 
take  a  very  irregular  and  diminished  interest  in  the  lectures. 

It  is  certainly  exceedingly  proper  that  the  State  should 
take  an  interest  in  the  scientific  accomplishment  of  its  sub- 
jects, by  the  erection  of  schools  of  diflferent  kinds  ^  and  it  is 
still  more  proper,  that  it  should  afford  to  those  who  have  not 
the  means,  the  possibility  of  an  enlightened  education ;  but, 
perhaps,  it  would  be  most  desirable  in  cases  of  this  kind,  not 
to  release  any  of  the  scholars  from  the  duty  of  paying  for 
instruction,  but  rather  to  assist  the  needy,  by  furnishing 
them  from  a  particular  source,  with  the  fees,  which  afl 
should  be  bound  to  pay. 

In  an  attempt  to  do  justice  to  the  merits  of  Klaproth,  I 
cannot  altogether  pass  over  one  part  of  them,  which  might 
readily  remain  unnoticed  by  the  public,  although  it  deserves 
to  be  generally  known, — I  speak  of  the  great  and  beneficial 
influence  which  Klaproth,  along  with  several  other  very  re- 
spectable men,  had  upon  Free-Masonry.  It  has  not  escaped 
the  notice  of  the  public,  that  during  the  preceding  century  all 
sorts  of  fooleries,  alchemv,  ghost-seeing,  Rosicrucian  enthu- 
siasm, and  many  other  things  of  the  same  kind,  had  crept 
into  Free-Masonry.  But  their  influence,  although  for  a  time 
it  turned  many  heads,  could  neither  be  long  continued  nor  of 
extensive  operation ;  because  within  the  society  itself  there 
were  always  men  who  laboured  to  coun):eract  those  errors, 
and  Klaproth  in  particular  was  one  of  those  respectable  men 
who  eAnesdy  and  powerfully  waged  war  with  deceptions  of 
that  kind,  who.  endeavoured  to  expose  it  in  all  its  msignifi- 
cance,  and  tried  to  bring  back  those  who  had  erred  into  the 
right  way.  How  much  he  was  assisted  in  this  office  by  his 
profound  acquaintance  with  the  science  of  Nature,  and  by 
nis  incorruptible  intemty ;  and  how  well  he  has  deserved 
by  his  labours  not  only  of  science,  but  of  the  human  race, 
must  be  evident  to  every  unprejudiced  person  who  has  but 
a  moderate  acquaintance  with  the  intricate  connexions  of 
human  affairs. 

In  the  preceding  remarks,  I  have  noticed  many  honourable 
characteristics  of  this  excellent  man,  and  shall  feel  happy,  if, 
in  coticluding  this  memoir,  I  could  present  you  with  a  like- 
ness of  him. 
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Among  the  most  remarkable  traits  in  his  character^  were 
his  incorruptible  regard  for  every  thing  that  he  believed  to 
be  true,  honourable,  and  good, — his  pure  love  of  science, 
with  no  reference  whatever  to  any  selfish,  ambitious,  and 
avaricious  feeling,— 4iis  rare  modesty,  undebased  by  the 
slightest  vainglory  or  boasting*  He  was  benevolently  dis- 
posed towards  all  men,  and  seldom  or  never  was  a  slighting 
or  contemptuous  word  respecting  any  individual  heard  to  fall 
from  him.  When  he  was  forced  to  blame,  he  did  it  briefly, 
'  and  without  bitterness ;  for  his  blame  had  always  respect  to 
actions,  and  not  to  persons.  His  friends  as  well  as  his  re« 
lations,  feel  severely  his  loss ;  for  every  person  to  whom  he 
had  once  given  his  confidence,  might  depend  upon  the  un- 
chaneeableness  of  it*  His  friendship  was  never  the  result^ 
like  mat  of  so  many  other  persons,  of  any  selfish  calculation, 
but  was  always  founded  on  a  favourable  opinion  of  the  per- 
sonal worth  of  the  man.  Amidst  all  the  unpleasant  acci- 
dents of  his  life,  and  of  these  there  was  no  want,  he  shewed 
an  invincible  placidity,  founded,  not  on  any  want  of  lively 
feeling,  but  in  tne  firmness  of  his  resolution.  In  his  common 
behaviour,  he  was  always  pleasant  and  composed,  and  very 
far  from  being  disinclined  to  a  joke.  To  all  these  virtues, 
the  chief  ornament  was  added  by  his  true  religious  feeling ; 
and  I  believe  I  am  not  saying  too  much,  when  I  aver  that 
he  was  a  model  of  the  true  meaning  of  that  epithet,  which  is 
so  frequently  misunderstood.  His  religion  consisted  not  in 
words  and  forms,  in  devotion  to  the  system  of  any  partv, — 
in  a  general  assent  to  any  thing  external,  or  to  any  thing 
artificially  constructed, — ^not  in  positive  doctrines,  nor  in 
any  ecclesiastical  observances,  which,  however,  he  con- 
sidered to  be  necessary  and  honourable,  but  in  a  jealous 
and  conscientious  discharge  of  all  his  duties, — not  only  of 
those  which  are  imposed  by  the  laws  of  men,  but  of  those 
holy  duties  of  love  and  charity,  which  no  law  of  man,  but 
only  that  of  God,  can  command,  and  without  which  the  most 
enlightened  of  men  is  but  ^  sounding  brass  and  a  tinkling 
cymbal."  He  early  shewed  this  religious  feeling,  by  the 
beforementioned  great  and  honourable  care  which  he  be-* 
stowed  in  educating  the  children  of  those  to  whom  he  was 
bound  by  no  external  interest,  and  by  no  human  law.  Nor 
did  he  shew  less  care,  at  an  after  period,  towards  the  assis- 
tants and  apprentices  of  his  office,  to  whom  he  refused  no 
instruction,  and  in  whose  success  he  took  the  most  active 
concern.  He  shewed  his  religious  feeling  still  farther  by 
the  very  strict  conscientiousness  with  which,  as  the  possessor 
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of  an  oflKce^  lie  laboured  for  the  best  condition  even  of  such 
things  as  did  not  fell  under  views  of  policy.  He  shewed  it, 
in  the  last  place,  by  the  pleasure  wnich  he  took  in  every 
tfiii^  that  was  good  and  excellent,  and  by  the  ready  interest 
nrhich  he  felt  in  every  undertaking  which  he  believed  to  be 
of  general  utility,  ni  fine,  he  was  a  man  equally  removed 
from  the  simerstition  and  infidelity  of  his  age,  who  carried 
the  holy  ana  eternal  principles  of  religion  not  on  his  lips,  but 
in  the  inmost  feelings  of  his  heart,  from  whence  they  emanated 
in  actions  which  pervaded  and  enobled  his  whole  being 
and  conduct. 


Art.  II. — On  Rode  Formations*      By   Baron    Alexander 
Humboldt.* 

The  word  formuHon  designates,  in  Greognosy,  either  the 
manner  in  which  a  rock  has  been  produced,  or  an  assem- 
blage of  mineral  masses,  which  are  so  connected  together, 
that  they  a^e  supposed  to  have  been  formed  at  the  same 
period,  and  present,  in  the  most  distant  parts  of  the  world, 
the  same  eeneral  relations  o(  situation  and  position.  It  is 
thus  that  meformaiion  of  obsidian  and  basalt  is  attributed  to 
subterranean  fires ;  and  thus  also  that  we  say  the  formation 
of  transition  day-slate  contains  lydian-stone,  chiastolite,  alum- 
slate,  and  alternating  beds  of  black  limestone  and  pDrphyry. 
The  first  acceptation  of  the  word  is  better  adapted  to  the 
genius  of  the  language ;  but  it  has  relation  to  the  origin  of 
things,  to  an  unc^tain  science  founded  upon  geoconic  hypo- 
thesis. The  second  acceptation,  now  generally  adopted 
by  the  French  mineralogists,  has  been  borrowea  from  the 
celebrated  school  of  Werner :  it  indicates  what  is,  not  what 
is  supposed  to  have  been. 

In  uie  eeognostical  description  of  the  globe,  we  may  distin- 
guish different  degrees  of  a^egation  of  mineral  substances, 
simple  or  compound,  according  as  we  rise  to  more  general 
ideas.  Rocks  which  alternate  with  one  another,  which  are 
usually  associated,  and  which  present  the  same  relations  of 
position,  constitute  ^formation]  the  union  of  several  forma- 
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tions  constitutes  a  district  or  terrain;  but  these  different  terms 
of  rocks,  Formation  and  Terrain,  are  employed  as  synony- 
mous in  many  works  of  geognosy. 

The  diversity  of  the  rocfa,  and  the  relative  disposition  of 
the  beds  which  form  the  oxidised  crust  of  the  earth,  have, 
from  the  most  remote  times,  fixed  the  attention  of  men. 
Wherever  the  working  of  a  mine  was  directed  upon  a  de- 
posit of  salt,  of  coal,  or  of  clay-iron,  which  was  covered  with 
a  great  number  of  beds  of  different  natures,  it  gave  rise  to 
ideas  more  or  less  precise  regarding  the  system  of  rocks  pe- 
culiar to  a  district  of  small  extent.  Furnished  with  these 
local  details,  and  full  of  prejudices  which  arise  from  custom, 
the  miners  of  a  country  would  disperse  themselves  over  the 
neighbouring  districts.  They  would  do  what  geosnosts  have 
often  done  in  our  days ;  they  would  judge  of  tne  position 
of  rocks  of  whose  nature  they  were  ignorant,  according  to 
imperfect  analo^es,  according  to  the  circumscribed  ideas 
which  they  had  acquired  in  their  native  country.  This 
error  must  have  had  a  fatal  influence  upon  the  success  of 
their  new  researches.  In  place  of  examining  the  connection 
of  two  contiguous  dictricts,  by  following  some  generally  ex- 
tended bed, — in  place  of  enlarging  and  extending,  so  to  speak, 
the  first  type  of  formations  which  had  remained  impressed 
upon  their  minds, — they  would  be  persuaded  that  each  por- 
tion of  the  globe  had  an  entirely  different  geological  consti- 
tution. This  very  old  popular  opinion  has  been  adopted  and 
supported, in  different  countries, by  very  distinguished  men; 
but  since  geognosy  has  been  elevated  to  the  mnk  of  a  science, 
the 'art  of  interrogating  nature  brought  to  perfection,  and 
journeys  made  into  distant  countries,  have  presented  a  more 
exact  comparison  of  different  districts,  great  and  immutable 
laws  have  oeen  discovered  in  the  structure  of  the  globe,  and 
in  the  superposition  of  rocks.  Since,  then,  the  most  striking 
analogies  of  situation,  of  composition,  and  of  organic  bodies 
contained  in  contemporaneous  beds,  have  manifested  them- 
selves in  the  two  worlds,  in  proportion  as  we  become  accus- 
tomed to  consider  the  formations  under  a  more  general 
point  of  view,  even  their  identity  becomes  every  day  more 
probable* 

In  fact,  on  examining  the  solid  mass  of  our  planet,  we  per- 
ceive that  some  of  those  substances  with  whicn  oryctognosy 
(descriptive  mineralogy),  makes  us  acquainted  in  their  indi- 
vidual capacities,  are  met  with  in  constant  associations^  and 
that  these  associations,  which  are  designed  by  the  name  of 
Compound  Rocks,  do  not  vary  like  organic  beings,  accord- 
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kig  to  the  differences  of  the  latitudes,  or  of  the  isothermal 
lines  in  which  they  occur.  The  geognosts  who  haye  travel- 
led over  the  most  remote  countries,  have  not  only  met  in  the 
two  hemispheres  with  the  same  simple  substances,  quartz, 
felspar,  mica,  garnet  or  hornblende ;  but  they  have  also  found 
that  the  great  mountain  masses  present  almost  every  where 
the  same  rocks,  that  is  to  say,  the  same  assemblages  of  mica, 
quartz,  and  felspar  in  the  e;ranite ;  o(  mica,  quartz,  and  gar- 
nets in  the  mica-slate ;  of  felspar  and  hornblende  in  the 
syenite.  If  it  has  sometimes  been  thought  at  first  that  a 
rock  belcmged  exclusively  to  a  single  portion  of  the  globe,  it 
has  been  constantly  founa  by  later  researches,  in  regions  the 
most  remote  from  its  first  locality.  We  are  tempted  to  admit 
that  the  formation  of  rocks  has  been  independent  of  the  diver- 
sity of  climates;  that  perhaps  it  has  even  been  anterior  to 
them,  (Hvanboldlf  GeogrcpkU  des  Plcmtesy  1807,  p.  115 ;  Vtus 
des  Cordilkres^  vol.  i.  p.  122).  Rocks  are  found  to  be' iden- 
tical where  organic  beings  have  undergone  the  most  varied 
modifications. 

But  this  identity  of  composition,  this  analogy  which  is  ob- 
served in  the  association  of  certain  simple  mineral  substances, 
n^bt  be  independent  of  the  analogy  of  relative  situation  and 
of  supeiposition.  One  may  have  brought  from  the  islands  of 
the  Pacific  Ocean,  or  from  the  Cordilleras  of  the  Andes,  the 
same  rocks  which  are  observed  in  Europe,  without  his  being 
permitted  to  conclude  that  these  rocks  are  superimposed  in 
the  same  manner,  and  that  after  the  discovery  of  one  of  them 
it  might  be  predicted  with  some  degree  of  certainty  what  are 
the  other  rocks  which  occur  in  the  same  places.  It  is  to  dis- 
cover these  analogies  of  situation  aud*  relative  position,  that 
the  labours  of  geognosts  should  tend,  who  delient  to  investi- 
gate the  laws  of  inorganic  nature.  In  the  following  tables, 
we  have  attempted  to  unite  all  that  is  known  with  certamty, 
regarding  the  superposition  of  rocks  in  the  two  Continents, 
to  the  north  and  south  of  the  Equator.  These  hgrn  offormor 
iiont  will  not  only  be  extended,  but  also  variously  modified, 
in  proportion  as  the  number  of  travellers  qualified  to  make 
geognostical  observations  shall  become  increased,  and  as 
complete  monographs  of  different  districts  at  great  distances 
from  each  other  shall  fiirnish  more  precise  results. 

The  exposition  of  the  laws  observed  in  the  superposition  of 
rocks,  forms  the  most  solid  part  of  the  science  of  geognosy. 
It  must  not  be  denied,  that  the  observations  of  geognostical' 
situation  often  present  great  difiiculties,  when  the  point  of 
contact  of  two  neighbourmg  formations  cannot  be  reached, 
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or  when  they  do  not  present  a  regular  stratification,  or  whea 
their  relative  situation  is  not  'wmfotm^  that  is  to  say,  when  the 
strata  of  the  upper  deposits  are  not  parallel  to  the  strata  d 
die  lower.  But  these  difficulties  (ana  this  is  oQie  of  the  great 
advantages  of  observations  which  embrace  a  considerable 
part  of  our  planet),  diminish  in  number,  <w  disappear  entirely, 
on  comparing  several  districts  of  great  extent.  The  super- 
position and  relative  age  of  rocks,  are  facts  susceptible  o|f 
peing  established  immemately,  like  the  structure  of  the  organs 
of  a  vegetable,  like  the  proportions  of  elements  in  chemical 
analysis,  or  like  the  elevation  of  a  mountain  above  the  level 
of  the  sea.  True  geognosy  makes  known  the  outer  crust  of 
the  globe,  such  as  it  exists  at  the  present  day.  It  is  a  science 
'  as  capable  of  certainty  as  any  of  the  physical  descriptive  sci- 
ences can  be.  On  the  other  hand,  all  that  relates  to  tlie  ancient 
state  of  our  planet,  to  those  fluids  which,  it  is  said,  held  all 
the  mineral  substances  in  a  state  of  revolution^  to  those  seas 
which  we  have  raised  to  the  summit  of  the  Cordilleras,  to 
make  them  again  disappear,  is  as  uncertain  as  are  the  ferraft- 
tion  (^the  atmosphere  of  planets,  the  migrations  of  vegetables, 
and  the  origin  or  different  varieties  of  our  species.    Vet  the 

Eeriod  is  not  very  remote  when  geologists  occupied  themselves 
y  preference  with  the  solution  of.  these  almost  impoissible 
problems,  with  those  fabulous  times  of  the  physical  histiMy 
of  our  planet. 

In  order  to  render  the  principles  better  understood,  accord- 
ing to  which  the  following  iahh  of  the  superposUkn  of  rocks  is 
constructed,  it  becomes  necessary  to  premise  observations 
furnished  by  the  practical  examination  o(  differei^t  districts. 
We  shall  begin  with  remarking,  that  it  is  not  easy  to  circum- 
scribe the  limits  of  a  formation,  llie  Jura  limestone  mmI  the 
Alpine  limestone,  which  are  separated  to  a  great  distance  in 
one  country,  sometimes  appear  closely  connected  in  anotlien 
What  announces  the  independence  of  a  formation,  as  has 
been  very  justly  observed  by  Mb  de  Buck,  is  its  immediate 
superposition  upon  rocks  oi"^  a  different  nature,  and  which 
consequently  ought  to  be  considered  as  more  ancient.  The 
fed  sandstone  is  an  independent  formation,  because  it  is  sup^- 
imposed  indifferently  upon  black  (transidon)  limestone,  upon 
mica-slate,  or  upon  primitive  granites ;  but  in  a  coun^  where 
the  great  formation  of  svenite  and  porphyry  predominates, 
these  two  rocks  constantly  alternate.  There  results  that  the 
syenite  rock  is  dependent  upon  the  porphyry,  and  scarcely 
any  where  covers  oy  itself  me  transitkm  clay-slate  or  primi- 
tive gneiss.    The  independence  of  fonaations  does  AOt^  be- 
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•idea,  bj  uiy  means  delude  the  mifwmtji  or  ooncardanee  nf 
fosiiwn;  k  radier  excludes  the  oryctognostic  passage  of  two 
•vpetimposed  formations.  The  transition  districts  nsLve  very 
often  the  same  direction  and  the  same  inclination  as  the  prinur 
tive  enes;  and  yet,  whatever  approximation  there  may  ht 
between  their  origin,  we  are  not  the  less  warranted  to  con- 
sider the  anthracitic  mica-slate  or  the  grey-wacke,  alternatii^ 
with  porphyry,  as  two  formations  independent  of  the  primi- 
tive granites  and  gneisses  which  they  cover.  The  confor- 
mity of  positicm  is  in  no  way  incompatible  with  the  indepen- 
dence of  fennati<ms,  that  is  to  say,  it  dc^es  not  prevent  the 
tight  which  ene  has  of  r^arding  a  rock  as  a  distinct  formar 
lion.  It  is  because  the  ind^endent  formations  are  placed 
indifferently  on  all  the  older  rocks,  (the  chalk  upon  the 
mnjte,  the  red  sandstone  upon  the  primitive  mica-slate),  that 
de  assemblage  of  a  sreat  number  of  observations  made  upon 
vc»y  distant  points,  becomes  eminently  useful  in  the  deter- 
mination of  the  rdaiive  age  of  rocks.  In  order  to  determine 
that  the  fihrcon-sienite  is  a  transition  rock,  it  must  have  been 
aeen  resting  vtpon  formations  posterior  to  the  black -limo- 
stone  with  ortlioceratites.  Observaticms  made  upcm  the  por- 
phyries and  sienites  of  Hungary  by  M.  Beudant,  one  of  the 
most  dist&iguished  geologists  of  the  present  times,  may  throw 
much  liffht  upon  the  formaticms  of  the  Mexican  Andes.  It 
is  thus  uM  a  new  vegetable  discovered  in  India,  elucidated 
the  natural  affiouty  between  two  families  of  plants  belonging 
to  Equinoctial  America. 

The  order  which  has  been  followed  in  the  table  of  forma- 
tions, is  that  of  the  situation  and  relative  position  of  rocks. 
I  do  not  pretend  that  this  position  is  observed  in  all  the 
countries  of  the  globe ;  I  merely  point  it  out  such  as  it  has 
appeared  the  most  probable,  after  the  compariscm  of  a  great 
nnmber  of  facts  which  I  have  collected.  It  is  by  the  idea  <rf 
the  relative  age  of  formation,  that  I  have  been  guided  in  this 
wiH-k,  inqpoffect  as  it  still  is.  I  had  begun  it  long  before  my 
jomney  lo  the  Cordilleras  of  the  New  Continent,  from  the 
year  1799,  when,  on  leaving  the  Freybei^  School,  I  was  ap- 
pointed to  the  direction  of  uie  Mines  in  the  mountains  of  the 
Fkhteigefairge.  The  same  rock  may  vary  in  composition, 
integrant  parts  may  have  been  abstracted,  and  new  sub- 
stances may  occur  disseminated,  without  the  rock's  changing 
its  denomination  in  the  eyes  of  the  geo^ost  who  is  engaged 
with  the  snqierposition  of  formations.  Under  the  equator,  as 
in  the  north  of  Europe,  strata  of  a  true  transition  syenite  lose 
tl^ir  hornblende,  without  the  mass  becoming  another  rock. 
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The  granites  of  the  banks  of  the  Orinoco  sometimes  assmne 
hornblende  as  an  integral  part,  and  yet  do  not  cease  to  be 
primitive  granite,  although  this  may  not  be  of  the  first  or 
oldest  formation.  These  facts  have  been  observed  by  all 
practical  geologists.  The  essential  character  of  the  identity 
of  an  independent  formation  is  its  relative  position,  the  place 
which  it  occupies  in  the  general  series  of  formations.  (See 
the  classical  Memoir  of  M.  de  Buch,  Uther  den  B^r^einer, 
in  the  Mag.  der  Naturf.^  1810,  p.  128—133.)  It  is  on  this 
account  that  an  isolated  fi*agment,  a  specimen  of  reck  found 
in  a  collection,  cannot  be  determined  geognostically,  that  is 
to  say,  it  cannot  be  referred  with  certainty  to  a  particular 
formation,  constituting  one  of  the  numerous  beds  of  which  the 
crust  of  our  planet  is  composed.  The  presence  of  chiastolite, 
the  accumulation  of  carbon  or  nodules  of  compact  limestone 
in  the  clay-slates,  nigrine  and  epidote  in  the  syenites,  (alter- 
nating with  granite  and  porphyries),  conglomerates  or  pud- 
ding-stones, having  a  basis  of  anthracitic  mica-^late,  may, 
without  doubt,  be  characteristic  of  transition  formations ;  m 
the  same  way  as,  according  to  the  useful  labours  of  M. 
Brongniart,  petrifactions  of  shells,  in  a  good  state  of  pre- 
servation, sometimes  indicate  directly  such  or  such  a  bed  of 
tertiary  deposits.  But  these  cases,  where  we  are  guided  by 
disseminated  substances  or  by  characters  purely  geological) 
comprehend  but  a  small  number  of  roclb  of  a  recent  origin, 
and  observations  of  this  kind  often  lead  only  to  negative  facts. 
The  characters  taken  from  the  colour,  from  the  grain,  and 
from  small  veins  of  carbonate  of  lime,  which  traverse  calca- 
reous rocks;  those  which  are  furnished  by  the  fissility  and 
silky  lustre  of  clay-slate,  the  aspect  and  undulations  more  or 
less  marked  of  the  scales  of  mica  in  mica-slate ;  and,  lastly, 
the  size  and  colouring  of  the  ciystals  of  felspar  in  the  granites 
of  different  formations,  may,  like  all  that  is  connected  simply 
with  i\ke  physiognomyoi  minerals,  lead  the  most  expert  ob- 
server into  error.  The  white  and  black  tints  undoubtedly 
in  most  instances  distinguish  the  primitive  and  transition  lime- 
stones ;.  the  Jura  formation,  especially  in  its  upper  beds,  is 
•also  mthout  doubt  generally  divided  into  thin  whitish  beds, 
having  a  dull,  even,  or  conchoidai  fracture,  with  very  flat 
cavities :  but  in  the  mountains  of  transition  limestone  there 
are  isolated  masses  which,  in  colour  and  texture,  resemble 
the  oryctognostic  characters  of  the  Jura  limestone ;  and  to 
the  south  of  the  Alps  there  are  hills  belonging  to  tertiary 
deposits,  where  we  find  rocks  anal<^ous  to  the  slaty  and  dull 
Jura  limestone  (in  as  far  as  regards  appearance),  in  formations 
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fdaced  above  the  chalk,  and  which  resemble  the  limestone 
xeed  for  titliographic  purposes*  Were  names  taken  from 
their  oiyctosnostical  characters  alone  to  be  preferred  in  dis» 
dngoishine  formations,  the  different  strata  of  the  same  com- 
pound rock  having  a  considerable  thickness,  and  extended  to 
a  sreat  length  in  a  particular  direction,  would  often  seem  to 
belong  to  cufferent  rocks,  according  to  the  points  at  which 
specimens  were  taken.  Consequendy  we  can  only  determine 
geognostically  in  collections,  tuitef  of  rocks  of  which  the  mu- 
tual superposition  is  known. 

In  announcing  these  ideas  regarding  the  sense  which  should 
be  attached  to  the  words  mdq^endeni/ormaiiom.,  when  treating 
of  the  order  of  tkeir  position,  we  are  very  fcur  finom  undor- 
valuing  the  eminent  services  which  the  most  rigorous  oiyc- 
tognostic  examinaticNi,  the  minute  investigation  of  the  com- 
position of  rocks,  have  rendered  to  modem  geognosy,  and 
especially  to  the  knowledge  of  the  relative  position  of  fcMina- 
tions.  Although,  according  to  the  discoveries  of  M.  Haiiy, 
r^arding  the  intimate  nature  of  inorganic  and  crystallized  • 
substances,  there  does*  not  exist,  properly  speaking,  a  passage 
or  transition  of  one  mineral  species  to  another ;  (Coroier,  $ur 
ies  Rodui  volcmUf  p.  33,  and  Berzelius,  Nowo.  SysU  de  Mmtral^ 
p.  1 1 9)  the  passages  of  nuissts  or  pastes  ofrocks^  are  not  limited 
to  formatioiis  which  are  commonly  distinguished  by  the  name 
of  Compound  Rocks.  Those  wliich  are  thought  simple,  for 
example,  the  transition  or  secondary  limestones,  are  pardy 
amorphous  varieties  of  mineral  species,  of  which  there  exists 
a  crystallized  type,  partly  of  aggregates  of  clay,  carb<M),  &c., 
which  cannot  l>e  submitted  to  any  nxed  determination.  It  is 
upon  the  variable  proportions  of  these  heterogeneous  mix- 
tures, that  the  passage  of  marly  limestones  to  other  schistose 
formations  is  founded.  (Haiiy,  Tableau  comparatifde  la  Cris' 
ialkgnffhie,  p.  37 — 30).  All  the  amorphous  pastes  of  rocks, 
however  homogenous  they  appear  at  nrst  signt,  the  bases  of 
porphyries  and  euphotides  (serpentines),  as  well  as  those 
problematical  black  masses  which  constitute  the  basanite 
(basalt)  of  the  ancients,  and  which  are  not  all  greenstones 
surcharged  with  hornblende,  are  susceptible  of  oeing  sub- 
jected to  mechanical  analysis.  M.  Cordier  has  applied  this 
analysis  in  an  ingenious  manner  to  the  diabases,  dolerites, 
and  other  more  recent  volcanic  productions.  The  most  ap- 
parendy  minute  oryctognostic  examination,  cannot  be  indif- 
ferent to  the  geognost  who  examines  the  age  of  formations. 
It  is  by  this  examination  that  we  are  enabled  to  form  a  just 
idea  of  the  pn^essive  manner  in  which,  by  internal  develop- 
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fiMitl,  that  is  to  aay,  by  a  ver  J  gradual  change  in  the  proportionf 
of  the  elements  of  the  mass^'  the  passage  is  made  from  one 
rock  to  a  neighbouring*  The  transition  slates,  whose  struc- 
ture af^ars  at  first  so  different  from  that  of  the  granites  or 
porphyries,  present  to  the  attentive  observer  striking  exam- 
ples of  insensiblev  passages  to  granular  rocks  of  porphvritic 
or  granitic  nature.  These  slates  become -at  first  greenish  and 
haraer.  In  proportion  as  the  amorphous  paste  receives  horn- 
blende, it  passes  into  those  homblendic  traps  which  in  former 
times  were  confounded  with  basalt.  In  other  cases,  the  mica, 
which  is  at  first  concealed  in  the  amorphous  paste,  becomes 
developed,  and  separates  into  distinct  and  clearly  crystallized 
spaneles ;  at  the  same  time,  the  felspar  and  quartz  become 
visible ;  and  the  mass  assumes  a  granular  aspect,  with  very 
elongated  grains :  this  is  a  true  transition  gneiss.  By  degrees, 
the  grains  lose  their  common  direction ;  the  crystals  arrange 
themselves  around  many  centres ;  the  rock  becomes  a  transi- 
tion eranite  or  syenite.  In  other  cases,  the  quartz  alone  is 
deveK>ped ;  it  augments,  and  becomes  rounded  into  nodules, 
and  the  slate  passes  to  the  best  characterized  grey-wackes. 
By  these  certain  signs,  geognosts,  to  whom  the  appearances  of 
nature  have  become  famiuar  by  lon^  examinatbn,  become 
aware  beforehand  of  the  proximity  of  granular,  granitic,  and 
arenaceous  rocks.  Analocous  passages  of  primitive  mica- 
slate  to  a  porphyritic  rock,  and  the  return  of  this  rock  to 
rneiss,  are  observed  in  the  eastern  parts  of  Switzerland. 
fSee  the  luminous  developments  given  by  M.  de  Raumer, 
Fragnunis^  p.  10,  and  47 ;  M.  Leopold  de  ouch,  in  his  y<fyage 
de  Glaris  a  Chiavama^fait  m  1803,  and  inserted  in  the  Magaz. 
der  BerL  Noiwf^  moU  iii.  p.  1 1 5).  But  these  passages  are  not 
always  insensible  and  progressive ;  the  rocks  often  also  suc- 
ceed each  other  quickly,  and  in  a  very  abrupt  manner ;  often 
(for  example,  at  Mexico,  between  Guanaixuato  and  Ovexeras), 
the  limits  between  the  slates,  the  porphyries  and  syenites,  are 
as  distinct  as  the  limits  between  the  porphyries  and  lime- 
stones; but  even  in  this  case,  geognostical  relations  with  the 
superimposed  rocks  are  indicated  by  additional  heterogeneous 
beds.  It  is  thus  that  the  transition  granite  of  the  syenitic  for- 
mation presents  beds  of  basanite,  by  becoming  charged  with 
hornblende :  it  is  thus,  also,  that  these  same  granites  some- 
times pass  to  euphotide.  (Buch,  Vmfogts  en  J^orwtgt^  vol.  i. 
p.  138,  vol.  ii.  p.  83). 

There  results  from  these  considerations,  that  the  mechanical 
analysis  of  amorphous  pastes,  by  means  of  demi-triturations, 
and  washings,  (an  analysis  of  wUch,  M.  Fleuriau  de  Bellevue 
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aade  the  fim  attempt,  that  was  crowned  with  success:  Jcutru 
dt  Phjfsiqw^  roL  \u  p.  162),  throws  Kgbt  at  once,  Ul,  Upon 
the  Wrge  crystals  wliich  are  isolated  and  separated  from  die 
microsc^fNc  crystids  entangled  in  the  tnais]  9d/y,  On  the 
mutual  passaees  of  some  rocks,  superimposed  the  one  upon 
the  other ;  3c^y,  On  the  subordinate  beds,  which  Bre  of  the 
same  nature  as  one  of  the  elements  of  the  amorphous  mass. 
All  these  phenomena  are  produced,  if  we  may  so  speak,  by 
ifaternai  development ;  by  variation  in  the  constituent  parts 
of  a  heterogeneous  mass.  Crystalline  molecules,  invisible 
to  the  eye,  occur  enlarged  and  disengaged  from  the  compact 
desue  oi  the  paste ;  by  their  assemblage  and  mixture  with 
new  substances,  they  insensibly  become  intercalated  beds  <rf 
ccmsiderable  thickness ;  and  not  infrequently  they  even  be- 
come new  rocks. 

It  is  the  intercalated  beds  which  especially  merit  the 
greatest  attention.  (Leonhard,  Kopp,  and  G»rtner,  Prcprndm 
der  JMtner*^  p»  1 58.)  When  two  fiormations  succeed  each  other 
immediately^  it  happens  that  the  beds  of  the  one  begin  at  first 
to  alternate  with  tne  beds  of  the  other,  until  (after  these  pre* 
cursors  of  a  great  change)  the  newest  formation  shows  itself 
without  any  mixture  of  subordinate  beds.  (Buch,  Geogn* 
Beofr.  vol.  i.  p.  104, 156 ;  Humboldt^  RtU  HU$.  vol.  ii.  v*  140). 
The  progressive  developments  of  the  elements  of  a  rock,  may^ 
consequently,  have  a  ^reat  degree  of  influence  upon  the  rela* 
tive  position  of  the  mmeral  masses.  Their  effects  belong  to 
the  province  of  geology;  but,  in  order  to  discover  and 
appreciate  them,  the  observer  must  call  to  his  assistance 
M^ctognoay. 

In  expoong  the  intimate  relations  by  which  we  often  see 
the  phenomena  of  eornporMon  connected  with  those  of  rela* 
tive  sihuOignj  it  has  not  been  my  intention  to  speak  of  the 
purely  oryctognostic  method,  wmch  considers  rocks  accord* 
mg  to  the  analogy  of  their  composition  alone.  {Journal  des 
Jmnts,  vol.  xxziv.,  No.  199).  In  die  classifications  of  this 
method,  abstraction  is  made  of  every  idea  of  superposition ; 
but  they  do  not  the  less  give  rise  to  interesting  observations 
regarding  the  constant  assemblage  of  certain  minerals.  A 
purely  oryctognostic  classification,  multiplies  the  names  of 
rodn  more  than  is  required  by  geognosy,  when  occupied 
with  superpositi^Mi  alone.  According  to  the'  changes  which 
the  mixed  rocks  undergo,  a  stratum  of  great  extent  and 
thickness  may  contain  (we  must  repeat  it  here)  parts  to 
which  the  oryctoenost,  who  classes  rocks  according  to  their 
composition,  wouM  give  entirely  difierokt  denomination.s. 
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These  remarks  have  not  escaped  the  learned  author  of  the 
Classificaiion  MtMiralogiqw  da  Roches;  they  must  have  pre* 
sented  themselves  to  an  experienced  geognost,  who  has  so 
successfiillv  investigated  the  superposition  of  the  deposits  of 
which  he  has  treated*  "•  We  must  not  confound,"  says  M. 
Brongniart,  in  his  late  Memoir  on  the  position  of  the  Ophi- 
olites,  ^^  the  relative  positions,  the  orders  of  superposition  of 
the  deposites  and  of  the  rocks  which  compose  them,  with 
purely  mineralogical  descriptions.  The  neglect  of  making 
the  proper  distinction  in  this  case,  would  necessarily  be  pro- 
ductive of  confusion  in  the  science,  and  would  retard  its 
progress.''  The  arrangement  which  we  give  at  the  end  of 
this  article,  is  by  no  means  what  is  called  a  classification  of 
rocks ;  there  will  not  even  be  found  united,  under  the  title 
of  particular  sections  (as  in  the  old  geognostical  method  of 
Werner,  or  in'the  excellent  TraiU  it  Get^nosie  of  M.  D'Au- 
buisson),  all  the  primitive  formations  of  ^anite,  nor  all  the 
secondary  formations  of  sandstone  and  limestone.  It  has 
been  attempted,  on  the  contrarv,  to  place  each  rock  as  it 
occurs  in  nature,  according  to  the  order  of  its  superposition 
or  of  its  respective  ag^.  The  different  formations  of  granite 
are  separated  by  gneisses,  Duca-slates,  black-limestones,  and 

Sey-wackes.  In  the  transition  rocks,  we  have  separated 
e  formations  of  porphyries  and  syenites  of  Mexico  and 
Peru,  which  are  anterior  to  the  srey-wacke,  and  to  the  lime- 
stone with  orthoceratites,  from  me  much  more  recent  f<»ina- 
tion  of.  the  zircon-porphyries  and  syenites  of  Scandinavia. 
In  the  secmidary  rocb,  we  have  separated  the  oolitic  sand- 
stone of  Nebra,  which  is  posterior  to  the  alpine  limestone  or 
zechstein,  from  the  red-sandstone,  which  belones  to  the  same 
formation  mth  the  secondary  porplmry  and  amygdaloid. 
According  to  the  (Minciple  wmch  we  follow,  the  same  names 
of  rocks  occur  several  times  in  the  same  table.  Anthracitic 
mica-slate  is  separated,  by  a  ^at  number  of  older  forma- 
tions, from  the  mica-slate  anterior  to  the  primitive  clay-slate. 
Instead  of  a  classification  of  granitic,  schistose,  calcareous 
and  arenaceous  rocks,  it  has  £een  ni^  object  to  present  a 
sketch  of  the  geognostical  structure  of  the  gk>be;  a  table  in 
wbich  the  superimposed  rocks  succeed  each  other,  from  be- 
law  upwards,  as  in  those  ideal  sections  which  I  designed  in 
1804,  for  the  benefit  of  the  Mexican  Sdkool  ofMines^  and  of 
which  many  copies  have  been  distributed  since  my  return  to 
Europe.  (Bosqugo  de  una  Pasigrafa  geognostica^  con  tablas 
que  ensenan  la  estraUJkacion  y  d  paialklismo  de  las  tocos  en 
ambos  CknUinenUs^  para  elusodel  Real  Senrniario  de  JHtneria  de 
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Afexico).  These  Pasigrapbic  tables  united  to  my  own  obeer- 
vations  made  in  both  Americas  what  had  at  that  period  been 
known  with  precision  regarding  the  relative  posidon  of  the 

S'mitive,  intermediary*  and  secondary  roclcs  in  the  Old 
ntin^ent.  They  presented,  together  with  the  type  which 
might  be  considcml  as  the  most  general,  the  secondary 
types,  that  is  to  say,  the  beds  which  I  have  named  paraUtU 
Tbk  same  method  has  been  followed  in  the  work  which  I 
now  publish.  My  parallel  formations  are  geoenostical  equiva* 
knU;  they  are  rocks  which  represent  eacn  other.  (See 
the  TrMt  dt  Geologic  de  M.  d'Avbuissonj  vol.  ii.  p.  255). 
In  Ekigland,  and  on  the  opposite  Continent,  there  does  not 
exist  an  identity  of  all  the  formations:  there  exist  equivalents 
or  parallel  formations^  That  of  our  coal  situated  between 
the  transition  masses  and  the  red-sandstone,  the  position  of 
the  rock-salt  which  occurs  on  the  Continent  in  the  alpine 
limestone,  and  the  position  of  our  oolites  in  the  Nebra  sand- 
stMie  and  Jura  limestone,  may  guide  the  geognost  in  the 
approximation  of  remote  formations.  In  England,  we  ob- 
serve the  coals  placed  upon  transition  formations ;  for  exam- 
ple, upon  the  mountaia4unestone  of  Derbyshire  anc|  of  South 
WaleSj  and  upon  the  transition  sandstone,  or  old  red-sandstone 
of  Herefordshire.  I  faaye  thought  that  I  recognized  in  the 
magnesian-Iimestmie  the  red  marl,  the  lias  and  white  oolites 
of  Bath,  the  uniied  formations  of  the  alpine  limestone,  of  the 
oolitic  sandstime  and  Jura  limestone.  In  comparing  the  for- 
mations of  countries  more  or  less  distant  from  each  other, 
those  of  England  and  of  France,  for  instance,  of  Mexico  and 
Hungary,  of  the  secondary  basin  of  Santa  Fe  de  Bogota  and 
of  Tnurmgia,  we  must  not  think  of  opposing  to  each  individual 
rock  a  paraUd  one ;  it  must  be  recollected,  that  a  single  for- 
mation may  rqn'esent  several  others.  It  is  according  to  this 
frinciple  that  beds  of  clay,  lying  beneath  the  chalk,  may,  in 
ranee,  be  separated  in  the  most  distinct  manner  from  the 
oolitic  limestone  beds:  while  in  Switzerland,  in  Germany, 
and  in  South  America,  they  have  for  equivalents  beds  of  marls 
subordinate  to  the  Jura  limestope*  The  gypsums,  which,  in 
one  district,  are  sometimes  only  intercalated  beds  in  the 
alpine  limestone  or  oolitic  sandstone,  in  another  district,  as- 
sume all  the  appearance  of  independent  formations,  and 
occur  interposed  between  the  alpine  limestone  and  the  oolitic 
sandstone,  between  this  sandstone  and  the  muschelkalk.  The 
learned  Oxford  Professor,  Mr  Buckland,  whose  extensive 
researches  have  been  equally  useful  to  the  geognosts  of 
England  and  of  the  Continent,  has  lately  published  a  table 
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of  parallel  formations,  or,  as  he  calls  them,  eqtdvalents  of 
ro(^^  which  only  extends  from  the  44th  to  the  54th  degree 
of  north  latitude,  but  which  merits  the  greatest  attention. 
(On  the  Structure  of  the  Alps^  and  their  relation  with  the  rocks  of 
England,  1821.) 

As  in  the  history  of  ancient  nations,  it  is  easier  to  verify 
the  .series  of  events  in  each  country,  than  to  determine  their 
mutual  coincidence ;.  so  also  more  accuracy  can  be  attained 
in  estimating  the  superposition  of  formations  in  isolated  re« 
eions,  than  in  determining  the  relative  age  or  parallelism  of 
lormations  which  belong  to  different  systems  of  rocks*  Even 
in  countries  wliich  are  not  widely  separated,  in  France,  in 
Switzerland,  and  in  Germany,  it  is  not  easy  to  fix  the  relative 
antiquity  of  the  rauschelkalk,  of  the  molasse  of  Areovie,  and 
of  the  quadersandstein  of  the  Hartz  ;  because  rocks  of  gen- 
eral occurrence  are  here  most  commonly  wanting,  which, 
according  to  the  happy  expression  of  M.  de  Griiner,  serve  as 
a  geognostical  horizon,  and  with  which  we  might  compare  the 
three  formations  in  question.  When  rocks  are  not  in  imme- 
diate contact,  we  can  only  judge  of  their  parallelism  by  the 
relations  of  age  existing  oetween  them  and  other  formations 
by  which  they  are  united. 

These  inquiries  of  comparative  geog^nosy,  will  lon^  occupy 
the  sagacity  of  observers ;  and  it  is  not  surprising  that  those 
who  set  out  with  the  idea  of  retracing  each  formation  in  all 
the  individuality  of  its  relative  position,  interior  structure, 
and  subordinate  beds,  should  finish  with  utterly  denying  all 
analogy  of  superposition.  I  had  the  advantage  of  visiting, 
previous  to  my  journey  to  the  Eauator,  a  great  part  of  Ger- 
many, of  France,  of  Switzerlana,  of  England,  of  Italy,  of 
Poland,  and  of  Spain.  During  these  excursions,  my  attention 
was  particularly  directed  to  the  relative  position  of  forma- 
tions, a  phenomenon  which  I  calculated  upon  discussing  in  a 
special  work.  On  my  arrival  in  South  America,  and  while  at 
first  traversing  in  different  directions  the  vast  deposites  which 
stretch  from  the  maritime  chain  of  Venezuela  to  the  basin  of 
the  Amazon,  I  was  singularly  struck  with  the  conformity  of 
position  which  the  two  Continents  present.  (See  my  first 
sketch  of  a  Geological  Table  of  Equinoctial  America,  in  the 
Journal  de  Phys*,  vol.  liii.  p.  38).  Subsequent  observations, 
which  included  the  Cordilleras  of  Mexico,  of  New  Grenada, 
of  Quito,  and- of  Peru,  from  the  21st  degree  of  north  latitude 
to  the  12th  degree  of  south  latitude,  nave  confirmed  these 
first  perceptions.  But  in  speaking  of  analogies  which  are 
observed  in  the  relative  position  of  rocks,  and  of  the  unifor- 
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mity  of  those  laws  which  reveal  to  us  the  order  of  Nature,  I 
might  adduce  a  testimony  otherwise  of  more  weight  than 
mine,  that  of  the  great  geognost  who^e  works  have  thrown 
the  greatest  light  upon  the  structure  of  our  globe.  M.  Leo- 
pold de  Buch  nas  pushed  his  researches  from  the  Archipelago 
of  the  Canary  Isles  to  beyond  the  Polar  Circle  to  the  71st  de- 
gree of  latitude.  He  has  dicovered  new  formations  situated 
between  others  already  known ;  and,  in  the  primitive  as  in 
the  transition  deposites,  in  the  secondary  as  well  as  in  the 
volcanic,  he  has  been  struck  with  the  great  features  by  which 
the  table  of  formations  is  characterized  in  the  most  distant 
regions. 

<To  be  continaed.) 


Art.  III. — Account  of  the  Earthquake  m  Chili^  in  Xoom^ 
ber,  \Z^%  from  fiservations  made  by  several  Englishmen 
rendingin  that  country.  Communicated  by  F.  Place,  Esq. 
\Jour.Iioy.  Inst'] 

Cmu  is  a  long  narrow  country,  lying  between  the  moun- 
tains of  the  Andes  on  the  east,  and  the  Pacific  Ocean  on  the 
west.  It  extends  from  20**  20'  to  43^  5(f  south  latitude,  and 
from  68«»  5(y  to  74**  20'  west  londtude  from  Greenwich,  its 
length  being  about  1350  miles,  and  its  average  breadth  about 
130  miles. 

While  under  the  dominion  of  Spain,  Chili  was  visited  by 
very  few  Europeans.  Its  great  fertility,  its  abundance  of 
metals  and  minerals,  its  agreeable  and  healthy  climate,  have, 
since  it  has  been  declared  independent,  induced  a  considera- 
ble number  of  Englishmen,  and  a  few  other  foreigners  to 
become  residents,  and  the  number  is  continually  increasing. 
The  country  rises  gradually  but  irregularly  Irom  the  sea 
coast  to  the  mountains ;  it  is  exceedingly  diversified,  but  the 

Erincipal  feature  is  its  formation  into  valleys,  surrounded  by 
ills,  many  of  them  rising  to  a  considerable  elevation. 
The  whole  country  may  be  divided  into  two  regions  or 
climates,  the  one  humid,  the  other  dry,  separated  from  each 
other  by  the  river  Maule,  which  in  35®  10'  falls  into  the 
Pacific  Ocean. 

South  of  the  river  Maule  the  climate  is  variable ;  rain 
fells  at  intervals  during  the  whole  year,  and  timber  trees  are 
in  abundance.  North  of  the  river  Maule  the  rains  are  peri- 
odical, and  fall  only  during  a  particular  time  of  the  year. 
At  Valparaiso,  the  principal  seaport  of  Chili,  and  for  a))oul 
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fortj  miles  to  the  northward,  the  rainy  season  commences  in 
May  and  terminates  in  September.  Further  to  the  north- 
ward, the  rainy  season  is'  of,  shorter  duration,  diminishii^ 
gradually,  until  at  the  northern  extremity  of  the  country,  it 
totally  ceases.  To  the  southward  of  the  Maule  the  time  in 
which  rain  falls  gradually  increases,  and,  at  the  southern 
extremity  of  the  country,  there  are  but  few  intervals  of  dry 
w'eather. 

.  Chili  is  never  free  from  earthquakes  5  scarcely  a  week 
ever  passes  without  one  or  more  being  felt,  in  some  part  of 
the  country,  but  as  the  shocks  seldom  do  any  damage,  the 
inhabitants  pay  but  little  regard  to  them* 

It  is  now  nearly  a  hundrea  years  since  the  former  great 
earthquake,  and  a  persuasion  seems  to  have  prevailed  among 
the  people  that  no  very  considerable  earthquake  would  hap- 
pen oftener  than  once  m  two  hundred  years.  Partial  earth- 
quakes, doing  much  damage,  have  always  happened  at  inters 
vals  of  a  few  years.  The  town  of  (Joquimoo  was  nearly 
destroyed  by  an  earthquake  in  IMO.  The  shock  was  lo- 
cal, and  produced  no  alarm  in  other  parts  of  the  country. 

On  the  fourth  of  November,  1822,  the  town/of  Cooiapo,  in 
S.  Lat.  2T^  10',  was  visited  by  a  severe  shock,  which  aamaged 
many  houses ;  this  was  followed,  the  next  day,  by  a  much  more 
violent  earthquake,  which  nearly  destroyed  the  town,  and  did 
considerable  mjury  to  the  town  of  Coquimbo,  in  S.  Lat.  sy*  5(y. 

The  great  earthquake  on  the  night  of  the  19th  of  Novem** 
ber,  1 822,  was  felt  over  the  whole  surface  of  the  country, 
from  the  mountains  to  the  sea,  and  from  one  extremity  to  the 
other.  Its  force  seems  to  have  diminished  in  a  pretty  exact 
proportion  to  its  distance  from  Valparaiso. 

Its  effects  are  thus  described  by  an  Englishman,  residing 
at  Concon,  near  the  mouth  of  the  river  named  in  the  maps 
"  Rio  Quillota."  Concon  is  about  fifteen  miles  N.  N.  E.  of 
Valparaiso,  as  the  crow  flies. 

"  At  half  past  ten,  on  the  night  of  the  19th  November,  I 
felt  the  first  oscillation.  I  was  writing  at  the  time ;  start- 
ing from  my  chair,  I  paused  for  an  instant,  expecting  the 
shock  would  subside,  as  others  had  done ;  but  the  falling  of 
glasses  from  the  sideboard,  the  cracking  of  the  timbers,  and 
the  rattling  of  the  tiles  from  the  roof,  fufly  apprized  the  whole 
family  of  their  danger,  and  all  ran  out  of^the  house.  The 
house  was  violently  agitated,  and  was  falling  to  pieces ;  but 
freed  from  the  apprehension  of  being  buried  m  the  ruins,  my 
attention  was  forcibly  drawn  to  the  phenomena,  which  I  en- 
deavoured to  observe  as  accurately  as  possible.    Scarcely. 
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liowerer,  was  this  resolution  takes,  and  before  the  first  shock 
had  entirelj  subsided,  a  second  and  much  more  violent  one 
siKxeeded ;  this  was  accompanied  by  noise,  which  appeared 
to  be  deep  seat^  in  the  earth,  perpendicularly  to  the  spot 
on  which  we  stood.  The  duration  of  this  shock  was  about 
two  minutes ;  it  was  succeeded  by  a  third,  also  accompanied 
by  noise,  less  loud  than  that  which  accompanied  the  pre- 
ceding  shock.  The  shock  was  less  violent  than  either  of  the 
two  former  shocks,  and  of  less  duration*  These  shocks  oc- 
cupied about  five  minutes  of  time.  Shocks  at  intervals,  of 
four  or  five  aunutes,  continued  for  nearly  an  hour,  after 
which,  they  became  less  frequent  during  the  remainder  of 
the  night,  and  of  very  different  intensities,  some  being  rather 
severe,  and  others  hardly  perceptible.  The  three  principal 
shocks  may  be  said  to  constitute  the  earthquake. 

^  At  the  commencement  of  the  earthquake,  the  atmosphere 
was,  as  is  usual  at  this  time  of  the  year  in  this  country,  quitc^ 
firee  firom  clouds,  the  moon  and- stars  shone  with  splendour-; 
there  was  no  atmospheric  indication  of  change  of  any  sort, 
cither  befcM^  or  after  the  earthquake.  Some  persons  say 
they  saw  an  unusual  light  in  the  horizon  to  the  aouthward, 
but  J,  who  was  expecting;  some  change,  and  was  prepared  to 
observe  any  that  might  have  occurred,  saw  none  whatever. 

^  During  the  earUiquake  the  ground  rose  and  fell  with 
mat  violence^  and  with  almost  inconceivable  rapidity. 
There  was  certainly  no  undulatory  motion,  though  many  un- 
observing  and  unreflecting  persons  suppose  this  to  have  been 
the  case.  I  had  a  strong  suspicion  at  the  time,  since  con- 
firmed by  observation  of  its  effects,  that  there  was  a  powerfdl 
horizontal  motion,  but  as  I  could  not  perceive  it  as  coming 
from  any  particular  point,  I  concluded  at  the  time  that  I  was 
mistaken.  The  circumstances  which  make  me  now  conclude 
there  was  a  horizontal  motion,  are  observations  I  have  since 
made  in  many  places,  in  which  walls,  and  even  houses,  have 
been  partially  twisted  round,  and  from  the  fissures  round  the 
roots  of  the  largest  trees.  At  Quintero,  ten  miles  to  the 
northward  of  Concon,  are  several  large  palmtrees ;  three  of 
these  standing  so  as  to  form  an  equikteral  triangle,  lashed 
one  another  like  willow  rods,  and  beat  or  shook  off  many  of 
their  branches.  The  motion  of  these  trees  seems  to  have 
been  horizontal  and  circular,  since  each  of  them  cleared  a 
space  in  the  ground  round  its  stem,  several  inches  wide,  and 
tnis  was  the  case  also  with  other  large  trees  in  different  places. 

^  The  sensation  we  experienced  during  the  earthquake, 
-was  probably  the  same  we  should  have  felt  had  we  been 
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conscious  that  a  mine  had  been  sprung  beneath  us,  and  was 
about  to  blow  us  all  into  the  air. 

"  On  examination  next  morning,  at  daylight,  I  found  the 
earth  full  of  fissures,  some  of  them  very  smll,  while  others 
were  from  two  to  three  feet  wide.  In  many  places  sand  had 
been  forced  up,  and  had  formed  small  hillocks.  In  the 
most  recently  formed  alluvial  soil  near  the  river,  water  and 
sand  had  been  forced  up  together,  there  being  many  large 
truncated  cones  of  clean  washed  sand,  each  of  which  had  a 
hoUov  in  the  centre,  like  the  crater  of  a  volcano.  '  The  same 

f)henomenon  was  observed  in  several  places ;  in  other  places, 
aree  quantities  of  soft  mud  had  been  forced  up,  and  spread 
itself  over  the  surface  of  the  land. 

The  surface  of  the  country  has  been  raised  all  along  the 
coast,  as  far  as  my  information  extends.  It  seems  to  have  been 
raised  highest  at  the  distance  of  from  two  to  three  miles  from 
the  shore,  diminishing  both  ways.  The  rise  on  the  coast  is 
from  two  to  four  feet ;  at  the  distance  of  a  mile,  inland,  the 
rise  must  have  been  from  five  to  six^or  seven  feet ;  for  in  the 
cut  for  the  tail  water-course  of  a  mill,  at  the  distance  of 
about  a  mile  from  the  sea,  a  fall  of  fourteen  inches  has  been 
gained  in  little  more  than  a  hundred  yards. 

"  At  Valparaiso,  near  the  mouth  of  the  Concon,  and  along 
the  coast  northward  to  Quintero,  rocks  have  appeared  in  ma- 
ny places,  where  none  before  were  visible.  The  high-water 
mark  along  the  shore  is  about  three  feet  above  the  place  the 
tide  now  reaches,  and  a  vessel,  which  had  been  wrecked  on 
the  coast  and  which  could  only  be  approached  at  low  water 
in  a  boat,  is  now  accessible  on  dry  land  at  half  tide.* 

"  At  Valparaiso,  not  a  single  house  escaped  being  damag- 
ed ;  it  is  somewhat  remarkable,  however,  tnat  although  the 
ground  was  raised  bodily,  and  considerably,  those  nouses 
whose  foundations  were  on  the  rocks,  were  less  damaged  than 
those  built  on  the  alluvial  soil.  All  the  houses  at  Valparaiso 
are  built  of  adobes  (sun-dried  bricks),  cemented  with  clay. 
These  were  thrown  into  heaps  of  rubbish,  or  torn  and  rent  in 
all  directions.  The  town  had  the  appearance  of  having  suf- 
fered a  heavy  and  long  continued  bombardment.  Upwards 
of  three  hundred  persons  were  buried  in  the  ruins.  Had  the 
earthquake  happened  two  hours  later,  very  few  of  the  inhab- 
itants would  have  escaped. 


*  There  is  veiy  little  variation  of  tides  on  this  coast;  the  sea  never  rises 
snore  than  four  feet  at  the  full  of  the  moon. 


Jlccount  of  the  Earthquake  in  Chili.  31 

"  After  the  earthquake,  the  inhabitants  encamped  upon 
the  hills  above  the  scene  of  desolation,  in  the  best  way  they 
eould ;  this  was  thought  less  of  a  hardship  than  it  would 
have  been  thought  in  most  other  countries,  from  the  fine 
warm  weather,  the  certainty  as  was  concluded  of  dry  wea- 
tfaer,  and  the  small  quantity  of  dew  which,  at  this  season  of 
the  year,  falls  in  Chili.  To  these  hills  goods  of  all  sorts, 
furniture,  and  every  thing  else,  were  brought,  and  laid  in  the 
open  air.  The  damage  done  to  this  thriving  town  will  not 
be  repaired  in  many  years. 

The  church  of  lla  Aferced  presented  a  striking  instance  of 
the  violence  of  the  earthquake ;  the  tower,  sixty  feet  high, 
which  served  as  a  belfry,  was  levelled  to  the  earth.  Its  so- 
lid walls  of  burnt  bricks,  well  laid  in  mortar,  were  shivered 
in  pieces;  the  two  side  walls,  full  of  rents,  were  still  stand- 
ing, supporting  part  of  the  shattered  roof,  but  the  two  end 
waJis  were  entirely  demolished.  On  each  side  of  the  church 
were  four  massive  abutments,  six  feet  square,  of  brick  work ; 
those  on  the  western  side  were  thrown  down,  and  broken  to 
pieces,  as  were  two  on  the  eastern  side ;  the  other  two  were 
twisted  off  from  the  wall,  in  a  north-easterly  direction,-  and 
left  standing. 

^  On  board  the  Admiral's  ship  in  the  harbour,  where,  more 
secure  than  ashore,  the  effects  of  the  earthquakes  so  far  as 
the  situation,  permitted,  observations  were  made  with  great 
accuracy.  Here  three  distinct  shocks  were  felt ;  the  second 
was  observed  to  be  by  far  the  strongest,  and  its  duration,  as 
had  been  noticed  at  Concon,  is  stated  at  two  minutes.  The 
effect  upon  the  ship  was  the  same  as  would  have  been  produ- 
ced haa  she  suddenly  sunk  down  upon  a  rock.  It  appeared 
as  if  her  bottom  had  been  struck  with  prodigious  force ;  the 
vessel  vibrated  in  an  extraordinary  manner,  her  timbers 
cracked,  and  she  appeared  strained  throughout. 

"  At  Santiago,  the  capital,  at  ninety  miles  distance  from 
the  sea,  and  about  twenty  miles  from  the  mountains  of  the 
Andes,  the  earthquake  was  less  severe ;  no  houses  were 
thrown  down,  although  many,  as  well  as  the  churches,  were 
much  damaged,  but  no  lives  were  lost.  Here,  however,  as 
ia  other  places,  the  inhabitants  removed  from  the  town,  and 
camped  out  in  the  open  air.  the  effect  of  the  earthquake 
at  Aconcagua,  about  fifty  miles  N.  N.  W.  of  Santiago,  was 
much  the  same  as  at  Santiago.  Millipilla,  sixty  miles  S.  E. 
of  Valparaiso,  suffered  less  than  either  Santiago  or  Aconca- 
gua ;  but,  at  Casa  Blanca,  not  a  single  house  or  wall  of  any 
»nd  was  left  standing.     At  Mapel-  the  shocks  were  very  sr- 
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vere,  great  part  of  the  village  was  destroyed,  and  a  poo)  of 
water  was  formed  in  th^  market  place.  Quillota  also  suffer* 
ed  to  a  considerable  extent,  many  houses  were  destroyed, 
and  all  were  more  or  less  damasea.  At  Valdivia,  in  39^  50' 
S.  Lat.,  one  shock  only  was  felt;  it  is  described  as  having 
been  "'  pretty  sharp,'^  but  it  did  no  damage.  At  the  mo* 
ment  the  shock  was  felt,  two  volcanoes  in  the  neighbourhood 
burst  out  suddenly  with  great  noise,  illuminated  the  hea- 
vens and  the  surrounding  country  for  a  few  seconds,  and  then 
as  suddenly  subsided  into  their  usual  quiescent  state. 

Although  no  atmospheric  chants  appeared  at  the  time  of 
th^  earthquake,  there  can  be  no  doubt  that  very  considera- 
ble  changes  took  place.    The  weather  after  the  earthquake, 
continued  as  usual;  but  on  the  evening  of  the  twenty-seventh 
of  November,  just  eight  days  after  the  earthquake,  the  coun- 
try, for  a  great  extent,  was  visited  by  a  tremendous  storm  of 
rain,  accompanied  with  heavy  gusts  of  wind ;  the  rain  con- 
tinued all  night,  producing  terror  and  dismay  among  the 
people.    Every  thing  saved  from  the  earthquake,  was  ex- 
posed in  the  open  air,  or  under  such  temporary  coverings  as 
could  be  constructed  with  the  few  materials  time  andxircum- 
stances  permitted.     Few  of  the  tents,  under  which  part  of 
the  people  lived,  were  water  proof.    Many  were  living  in 
enclosures  called  ramadas,  made  of  dried  boughs  and  busnes, 
open  to  the  heavens,  and  many  had  ho  other  fence  than 
could  be  formed  of  their  furniture  or  other  effects.     Rain 
towards  the  close  of  the  month  of  November  bad  been  ex- 
pected by  no  one,  and  no  preparation  to  defend  either  per- 
sons or  property  from  its  effects,  had  been  made.     Rain  nad 
never  before  fallen  in  the  country,  even  at  a  small  distance 
north  of  the  river  Maule,  in  the  month  of  November.     The 
consequences  anticipated  from  the  rain,  which  from  appear- 
ances, was  likely  to  continue,  were  of  the  most  distressing 
nature.    The  total  destruction  of  the  houses  which  had  been 
injured,  as  well  as  that  of  the  goods,  merchandize,  and  fur^ 
niture,  which  had  been  collected,  and  of  the  growing  crops, 
Was  anticipated  by  all.    Its  immediate  effects,  had  it  contin- 
ued, would  have  been  intermitting  and  malignant  fevers. 
These  apprehensions  caused  the  people  to  pass  a  night  of 
indescribaole  agony.    The  rain,  however,  ceased  suddenly 
towards  morning,  and  the  weather  became  settled  as  usual. 
"  The  greatest  force  of  the  earthquake  appears  to  have 
been  felt  at  the  distance  of  about  fifteen  miles  N.  E.  of  Val- 
paraiso ;  the  whole  country  from  the  foot  of  the  Andes  to 
far  out  at  sea,  has  been  raised ;  the  rise  has,  however,  been 
very  unequal. 
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''  As  the  earthquake  was  felt  at  Copiapo  m  the  north,  and 
at  Yaldivia  in  the  south,  its  extent,  from  north  to  south,  ex- 
ceeded Dine  hundred  miles.  Where  the  sliocks  were  most 
severe,  the  earth  has  been  raised  the  highest,  and  its  not 
subsiding  again  to  its  former  level  has  probably  been  occa- 
sioned by  the  innumerable  fissures  and  multitude  of  small 
cracks  caused  by  the  repeated  explosions,  by  which  the  den- 
sity of  the  whole  mass  has  been  somewhat  altered. 

"  Many  persons  to  the  north  of  Valparaiso  thought  the 
direction  of  the  shocks  was  from  the  southwest,  while  those 
to  the  southward  thought  they  came  from  the  northwest. 
If  the  principal  force,  as  it  appears  to  have  beeo^  was  exert- 
ed within  a  circle  of  about  fifty  miles  diameter,  the  centre  of 
which  was  a  litde  to  the  N*  E.  of  Valparaiso,  the  direction 
of  the  shocks  might  have  been,  as  those  at  a  distance,  to  the 
north  and  south  of  that  space  Jiave  described  them.  Most 
persons  that  live  near  the  coast,  suppose  the  shocks  to  have 
come  from  seaward,  either  to  the  northward  or  southward, 
as  has  been  mentioned,  while  those  who  resided  within  the 
circle  described,  concluded  they  were  produced  by  explo- 
sions, perpendicular  to  the  eartVs  surface*  It  does  not  ap- 
pear that  the  earthquake  extended  into  the  mountains  of  the 
Andes ;  no  change  whatever  was  observed  in  any  of  these 
mountains,  except  as  has  been  related  near  Valdivia,  and  here 
the  volcanic  ridge  is  nearer  to  the  sea  and  less  elevated  than^ 
in  any  other  part  of  Chili.  The  surface  over  which,  or  ra- 
ther under  which,  the  earthquake  extended  ashore,  cannot 
be  less  than  100,000  square  miles. 

^^  During  the  earthquake  the  sea,  for  a  considerable  dis- 
tance along  the  coast,  receded  and  returned  several  times. 
At  Quintero,  the  fishermen  who  live  upon  the  beach  fled  in 
terror  to  the  sand-hills.  At  Valparaiso,  a  man-of-war^s  boat 
going  ashore,  landed  at  the  door  of  the  customhouse,  which 
is  twelve  feet  above  the  usual  high-water  mark.  Neither 
the  recussion,  nor  the  retrocession  of  the  sea,  were  as  violent 
as  mieht  have  been  expected. 

"  Up  to  the  end  of  September,  1823,  the  date  of  the  last 
accounts,  earthquakes  continued  to  be  felt ;  forty-eight  hours 
seldom  passed  without  a  shock,  and  sometimes  two  or  three 
were  felt  during  twenty-four  hours.'' 
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Art.  IV. — Experiments  on  the  Tenc^cUif  of  Jron  Wirt^  wUh 
some  Account  of  the  Wire  Bridges  ofQe^^Ot.  By  Com)N£|, 
DuFouDL^    [Bib.  Unw.] 

The  extreme  economy  and  facility  of  copstructiopof  Wirf 
Bridges,  are  circumstances  nvbich  cannot  but  t^nd  to  intror 
duce  them  into  very  general  use :  hence  ^  Ig[M>wied£e  qf  tl^ 
$^ength  of  I]f*on  Wire^  aii  generally  prepared  by  th^  manu- 
facturers, and  the  circunistances  wbic%  have  an  ipfluenc^ 
over  it,  cannot  but  possess  inter^st^  The  following  ezpeiri- 
ments  by  M.  Dufour,  being  made  with  a  practical  view,  a|*e 
t]ierefore  very  valuable,  and  have  already  assisted  in  fi^?* 
nishing  data  for  the  construction  of  two  Wire  fridges  aQrofi^ 
the  fortification  ditch  nf  Gepeva« 

The  object  of  the  experiments  was  to  determine  the  ab$o»- 
lute  strength  of  wires  of  different  diameters;  their  eloogatiog 
when  su^tainii\g  a  given  weight ;  the  effects  of  a  ^ndden  cofb- 
cussion;  the  influence  of  annealing  at  a  red  heat,  and  th# 
effect  of  a  fold,  or  reti)hi,  o^  junction  ^f  the  wir^  in  det?^^ 
mining  rqpture  when  in  these  circumstanceiSr 

Four  kinds  of  Iron  Wire  ^e^e  cho^n^  having  thf;  respec* 
tive  diameter^  of  1,  3,  3,  and  4  milUmeires^  nearly*  Six 
experiments  on  the  finest  wire,  of  which  the  diameter  wai» 
0.85,  mm.  (0.033  of  an  inch,)  proved  tt^t  the  strength  wa^ 
independent  of  the  length;  that  the  n^ean  ab^otn^e  forp^ 
p/  such  a  wire  wa^  1 06  lbs  avoirdupois,  the  i^xtre^i^s  be* 
ine  103.7  and  120;  and  that  when  anpcia}^,  it  8U«tainf4 
only  46U3  lbs.  Ten  ej^periments  on  th^  second  wire,  diam- 
eter 1.9.  mm«  or  0.74$  of  s^n  inch,  gav^  4^9i^  Vo^,  as  the 
inean  weight  it  <?ould  i^ustaiiv  the  ej^t^emes  b^ing  ^97  an4 
457 ;  froin  which  it  would  appear  that  tk^  first  wir?  \aA  a 
seventh  more  of  strength  in  prpportion  to  its  diameter  than 
^he  second.  The  second  wifre,  when  vanc^eal^  suMsuned 
only  2^3  lbs,,  which  U  to  its  strength  when  uaann^^Wd,  ^  )QQ 
to  194.  The  third  wire  about  «1 1&  pf  ^  in^h  in  diatnet^, 
sustained  as  the  n^an  of  six  experipi^nts,  849  Ibe ;  when 
annealed  1^  str^gtk  was  tQ  that  of  the  unanneal^d  wi^  a^ 
100  ta  }9i5.  The  fnurth  wire  of  a  diameter  ej^  .145  o|  ain 
inch,  supported  1713  Irbs  vi^hen  ynawealed,,  d^  889^  Ib^ 
when  annealed,  the  ratio  in  the  (wo  states  ^e^^  ^s  100-  to 
192. 

From  these  experiments  Colonel  Dufour  concludes  that 
Iron  Wires  from  1  to  4  millimetres  in  diameter,  support 
at  least  132  lbs  for  each  square  millimetre  of  their  sec- 
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tion.  Bat  accsording  to  known  experiments  on  forged  bars 
•f  iron^  k  kat  been  aacertauied,  that  those  which  are  not 
more  than  t  mm.  square^  do  not  support  more  than  from 
86  to  100  lb»  per  square  millimetre,  and  those  which  are 
kurger  only  from  M  to  66  lbs,  a  circumstance  which  suffix* 
CienUj  proves  the  adyantage  of  emplojing  iron  drawn  into 
wms,  rather  thali  forged  lAto  bars,  when  the  question  relates 
10  its  tenacity. 

The  second  cAiject  of  the  experiments  was  to  ascertaiil 
die  thn^tion  of  a  wire  when  submitted  to  a  weight,  less 
&an  tfamt  sufficient  to  break  it.  The  elongation  due  to  the 
mere  rectificattoa  of  the  sinuosities  and  curves  in  the  wire 
itseU)  was  found  to  be  -jf  f  ^  of  the  ori^nal  length,  when  a 
iMindle  of  tweire  wires  of  the  second  kind  before  referred  to 
and  30  feet  long,  was  charged  with  a  weight  of  6621  lbs. 
Another  kind  of  elongation  immediately  precedes  the  rap- 
tnre,  and  is  due  to  a  slight  diminution  of  diameter.  It  may 
be  perceWed  Wkea  the  whre  is  charged  with  two-thirds  of 
the  weight,  it  is  capable  of  supporting  ;  and  varies  between 
35  and  37  len^thousandths  of  the  length.  When  the  wire 
is  mlifeal^  the  elongation  is  very  considerable,  and  about 
tUrteen^-hmdredths  of  the  total  length  in  all  the  wires  tried* 

The  influence  of  folds,  returns,  &c.,  on  the  tenacity  of  thd 
wire  was  of  great  importance  considering  the  object  of  thd 
experiments ;  the  following  are  some  of  the  practical  l^esuits 
obtained.  When  a  wire  is  passed  round  a  ring  or  cylinder, 
te  as  to  return  pararUel  to  itself,  and  bear  a  force  applied  to 
the  tiro  extremities  nearly  double  that  supported  by  the  sin^ 
gle  wire,  it  requires  that  the  diameter  of  the  cylinder  round 
wfaicb  it  passes  should  be  at  least  1}  inch.  In  proportioii 
as  the  diameter  is  smaller,  or  the  curvature  of  the  wire 
greater^  its  tenacity  diminishes,  and  the  wire  will  constandy 
break  at  that  pla<ler  One  or  more  entire  revolutions  of  thd 
wire  on  the  same  cylinder  must  be  avoided,  because  the 
friction  resulting  from  such  an  arrangement  opposes  the 
equality  of  stress  which  is  required  upon  each  of  the  several 
wires  constituting  a  bundle. 

After  many  experiments  on  the  different  means  of  joining 
wires  together,  experience  pointed  out  as  the  most  efficient, 
one  which  would  perhaps  not  have  been  indicated  by  the- 
cay.  The  method  was  to  lay  the  ends  side  by  side  one  over 
the  other,  and  bind  them  round  for  the  space  of  at  least  ]| 
mch,  by  a  smaller  annealed  iron  wffe.  Such  a  junction  al- 
ways resisted  the  proofs  applied,  the  wires  constantly  giving 
way  at  some  other  place. 
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'  The  preceding  experiments  were  made  with  weights  gra- 
dually accumulatbg,  and  unaccompanied  by  any  sudden 
impulse  or  momentum,  but  as  in  their  application  to  the  con- 
struction of  bridges,  effects  of  the  latter  kind  would  be  con- 
tinually occurring,  further  experiments  were  made  of  this 
nature.  The  wires  were  therefore  charged  with  about  half 
the  entire  weight  they  were  able  to  support,  and  then  other 
weights  were  dropped  from  different  heights  into  the  box  con- 
taining the  previous  charge.  The  latter  force  was  always 
estimated  by  its  momentum,  and  experiment  proved  that  the 
second  wire,  for  instance,  charged  with  half  the  weight  it 
was  just  able  to  bear,  could  sustain  without  risk  a  quantity 
of  momentum  equivalent  to  3000,  the  weight  being  given  in 
killograms  (2.207  lbs)  and  the  velocity  oy  the  centimetres 
traversed  in  a  second. 

Other  experiments  were  made  with  reference  to  the  effect 
of  temperature  on  the  tenacity  of  the  wire.  Some  Iron  Wire 
was  procured  ^V  ^f  ^^  i^^ch  in  diameter,  and  the  weight  re- 
quh*ed  to  break  it  ascertained  from  the  mean  of  several  ex- 
periments. A  portion  was  then  passed  through  a  hollow 
vessel  filled  with  a  frieorific  mixture  which  lowered  the  tem- 
perature to  —  8°  F.  In  three  experiments,  in  which  wires, 
thus  circumstanced,  were  broken  by  weights  applied  to 
them,  the  separation  took  place  out  of  the  vessel,  and  the 
weight  required  was  the  same  as  before.  The  vessel  was 
thee  fiHed  with  boiling  water,  and  the  wire  passing  through 
it,  tried  as  before.  It  broke  once  in  the  vessel,  and  once  out 
of  the  vessel,  the  latter  by  the  smaller  weight.  Finally,  two 
vessels  were  then  disposed  on  the  wire,  one  containing  the 
frigorific  mixture,  the  other  boiling  water ;  the  wire,  gave 
•  way  between  them,  requiring  the  same  weight  as  before. 

It  may  thus  be  considerea  as  demonstrated,  that  between 
the  limits  of  temperature  indicated,  t.  «.  212**  and  —  8°  F., 
change  of  temperature  has  no  influence  on  the  tenacity  of 
Iron  Wire. 

The  preceding  researches  have  been  applied  with  the 
greatest  success,  in  the  construction  of  two  bridges  across 
the  dry  ditches  of  the  fortifications  of  Geneva.  The  first  of 
these  ditches  is  33  feet  deep  and  108  feet  wide  at  the  site  of 
the  bridge  5  the  second  is  22  feet  deep  and  77  feet  wide ; 
they  are  separated  by  what  is  called  the  counterguard,  which 
is  about  70  feet  wide,  and  the  top  of  which  is  level  with  the 
surrounding  soil.  A  stone  building  is  erected  on  the  city 
edge  of  the  first  ditch,  which  serves  as  a  point  of  attach- 
ment for  the  wires,  as  a  gate  to  the  city,  and  also  as  a  sta- 


Hxperiments  on  the  Tenacity  of  Iron  Wire.  .  37  , 

tion  for  the  persons  who  have  charge  of  the  bridge ;  a  piece 
of  masonry  is  erected  on  the  counterguard,  as  a  point  of  sup- 
port for  both  bridges ;  and  a  third  erection  of  a  similar  kind 
serves  as  an  outer  gate,  and  for  a  support  to  the  end  of  the 
outer  bridge*  The  wire  used  is  of  the  kind  called  No.  14 
in  commerce,  very  nearly  of  the  diameter  of  the  second  sort 
xeferred  to  in  the  preceding  experiments;  iris  made  up  into 
lengths  or  bundles,  each  containing  100  wires,  and  there  are 
three  such  collections  on  each  side  of  the  bridge.  As  the 
line  of  suspension  proceeds  uninterruptedly  across  both 
ditches  and  the  intervening  bank,  the  length  was  found  too 
mat  for  one  bundle ;  they  were  therefore  made  in  shorter 
lengths,  terminating  at  each  end  with  a  ring,  and  were  con- 
nected by  placing  these  rings  side  by  side,  and  passing  a 
strong  iron  bolt  through  them.  Each  single  wire  was  first 
stretdied  by  a  weight  of  200  lbs,  then  made  up  into  the 
bundles  of  100  each,  which  were  united  by  iron  ties  at  suc- 
cessive intervals,  and  the  whole  rolled  round  with  iron  wire, 
which  gives  to  them  the  appearance  of  cords.  The  longest 
<^  these  bundles  are  120  leet  each,  the  others  were  made 
shorter,  as  being  more  convenient  for  the  situation  they 
would  occupy  in  the  line  of  suspension.  From  this  arrange- 
ment it  is  evident  that  each  of  the  six  main  lines  of  suspen- 
sion may  be  considered  as  one  bundle,  though  consisting  of 
many  parts  ;  they  are  made  fast  at  one  extremity  to  a  plate 
of  iron  firmly  attached  to  the  stone  gate  before  meiftioned, 
then  pass  over  the  first  ditch,  across  the  stone  support  on 
the  counterguard,  over  the  second  ditch,  over  the  second  stan- 
dard, and  are  finally  made  fast  to  iron  bars,  which  being  at- 
tached to  plates,  are  loaded  with  masses  of  stone  and  buried 
in  the  eartn. 

From  the  six  principal  lines  other  lines  descend,  consisting 
each  of  twelve  wires  only ;  these  are  made  fast  to  the  tra- 
verses, or  pieces  of  wood  which  form  the  bases  o^  the 
bridges.  On  these  are  mortised  long  pieces  of  carpentry, 
which  are  bolted  together  with  them,  and  to  which,  are  fas- 
tened the  railings  of  the  bridges,  and  then  other  planks  are 
fastened  across  these  again,  forming  the  {>ath  of  the  bridge. 

The  rapid  and  complete  success  of  this  undertaking  does 
great  honour  to  M.  Dufour,  the  engineer.  It  was  planned 
and  executed  in  the  short  space  of  six  months.  Its  expense 
was  previously  estimated  at  16,000  francs,  and  the  *cost 
amounted  to  within  one  or  two  hundred  francs  of  that  sum. 
This  accuracy  of  estimation  is  not  the  least  merit  of  M.  Du- 
four.   The  expectations  with  regard  to  the  duration  of  the 
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bridges  are  all  ia  t&eir  fayour ;  the  iron  i^  defended  from 
ru»t  by  a  thick  coat  of  paint,  which  is  to  be  renewed  when 
required ;  the  wood  work  is  of  select  materials,  and  not  be- 
ing any  where  in  contact  with  the  earth  is  not  liable  to  rot* 

Before  constructing  the  large  bridges,  a  model  was  made 
38  feet  long,  and  having  only  two  suspending .  lines,  eacb 
composed  of  13  wires  of  .073  of  an- inch  in  diameter^  The. 
foot  way  was  constructed  on  11  wooden  traverses^  which 
hung  from  the  suspension  lines  each  by  only  four  single 
wires,  two  at  each  end.  This  bridge  was  submitted  to  the 
roughest  trials  on  the  part  of  those  persons  who  were  curioua 
to  examine  it,  such  as  leaping,  marching,  kjc.  but  without 
the  least  accident  or  failure. 

Speaking  of  the  comparative  strength  of  iron  in  wires  and 
in  bars  M*  Dufour  says,  **  The  immense  advantage  of  em** 
ploying  iron  in  wire  rather  than  in  bars,  is  thus  rendered 
evident ;  it  is  more  manageable ;  its  strength  is  double ;  the 
strength  may  be  better  proportioned  by  putting  the  number 
of  wires  necessary  to  the  resicrtance  required,  and  a  certain^ 
ty  is  obtained  of  the  state  of  the  intmot  parts  of  the  sus« 
pending  lines,  which  nothing  can  gire  when  large  bars  are 
used.'' 

^  It  appears  at  first  that  the  minimum  of  the  force  of  the 
wire  should  be  calculated  upon,  and  not  the  mean ;  but  as 
each  bundle  contains  many  wires,  although  there  may  be 
some  of  a  smaller  strength,  there  will  be  others  that  will 
smpass  in  strength,  and  thus  the  mean  should  be  used  in  es* 
thnating  the  strength  of  the  whole,  although  in  employing  a 
single  wire  the  minimum  only  ou^ht  to  be  taken.^' 

With  regard  to  the  Gieneva  bridge,  M.  Dufour  says,  that 
after  a  period  of  four  months  in  which  the  bridge  had  been 
in  full  use,  it  had  not  suff!»*ed  the  slightest  akeration  in  its 
primitive  form.  The  path  has  retailed  the  d^reeof  curva-* 
tore  given  it  at  first,  and  no  sensible  lengthening  of  the  wires 
has  occurred.  The  bridge,  however,  &s  been  well  tried^ 
curiosity  has  taken  great  numbers  of  persons  on  to  it  at  oncer, 
and  all  the  large  stones  required  in  the  latter  part  of  the 
work,  were  taken  over  it  on  carriages  without  the  slightest 
damage.  The  elasticity  of  the  bridge  is  also  what  it  was 
at'  first,  a  man  walking  with  a  moderate  step  does  not  at 
all  disturb  the  steadiness  of  the  path ;  on  walking  quickly 
there  are  slight  vibrations  produced,  but  no  oscillations,  and 
the  vibrations  are  such  as  never  to  be  communicated  from 
the  one  bridge  to  the  other,  or  in  any  way  to  affect  the  ma- 
sonry. 
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Tbe  ^ipeiwe  of  the  bridges  was  as  follows : 

Masonry  of  the  abutmoots,  &c.    •  '  •    •    4100  fraocs. 
lodges,  station»»  &c.       »    3800     ^ 


Foi^  iron,  &c#  for  the  gates  •  •  •  3800 
Iran  wire  aiid  wprkmeo  «  ,  •  •  •  1940 
Wood-work  required)  workmeo,  iic.  •  •  2360 
iiead,  copper,  tin,  varnish,  &:c  •  •  •  800 
Terraces  tor  tbe  parapet*,  foundation,  kc*  160 
Various  e^speoses •    •      500 


16,360 


A»!tn  y.^^-Ofi  Kvapar^Hom*    By.  J*  Faiomic  Danikli*,  Esq. 
F.  R.  S.  M.  It  I.  &G,    [Joun  Rog.  tmHiuU] 

Tm  subjeol  of  eyaporation  has  occupied,  at  yarioua  times^ 
oiuch  of  the  atteotioii  of  natural  phileaopbers,  and  many  ac* 
curate  aod  ioterestinr  observations  have  been  recorded  of 
the  foraiatiQD  and  diffusion  of  elastic  flukls,  from  various 
kinds  of  liquids*  The  circumstances  especially  attending 
the  rise  and  precipitation  of  aqueous  steam  in  the  atmoa* 
pbere,  are  acknowledged  to  be  important  in  the  highest  de> 
ffree,  as  upon  their  silent  influence  depends  the  a^ustment 
of  those  important  meteorological  phenomena,  with  which  is 
cennected  the  welfere  of  all  the  organised  creation.  The 
iabews  of  Do  Luc,  De  Saussure,  and  particularly  of  Mr 
Dalion,  have  thrown  considerable  light  upon  this  nerer^eas* 
iflg  process ;  but  something  ap^ars  to  be  still'  wanting  to 
complete  the  investigatkm,  and  to  follow  up  the  results  to 
their  ultimate  cwsequences*  The  following  observations, 
heweuer  inadequate  to  fulfil  this  desirable  purpose,  may 
potsiUj  attraot  some  attention  to  the  subject,  and  may  be 
the  means  of  indicating  the  points  which  most  require  eluci* 
dation. 

It  is  a  w^U-known  fact  tli^t  water^  under  all  circum* 
stances,  is  ondued  with  the  power  of  emitting  va|x>ur,  of  an 
elasUc  force  proportioned  to  its  temperature.  It  is  also  well 
underalQod,  that  the  gaseous  atmosphere  of  the  earth,  in 
some  dS^gree,  ofqposes  me  diffusion,  and  retards  the  forma- 
tion of  this  vapour ;  not,  as  Mr  I^on  has  shewn,  by  its 
weight  or  preasure,  but  by  its  vis  imrHfi.     What  is  the 
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amount  of  this  oppositioti,  and  by  what  progression  it  is  con- 
nected with  the  varying  circumstances  of  density  and  elas- 
ticity, have  never  yet  been  experimentally  explained. 

It  may  facilitate  the  comprehension  of  the  subject,  to  dis- 
tinguish three  cases  with  regard  to  the  evaporating  fluid :  the 
first,  when  its  temperature  is  such  as  to  give  rise  to  vapour 
equivalent  in  elasticity  to  the  gaseous  medium,  and  when  it 
is  said  to  boil ;  the  second,  when  the  temperature  is  above 
that  of  the  surrounding  air,  but  below  the  l)oiling  point ;  and 
the  third,  when  the  temperature  is  below  that  of  the  at- 
mosphere* 

With  regard  to  the  first,  all  the  phenomena  have  been 
&ccurately  appreciated.  The  quantity  evaporated  from  any 
surface,  under  any  given  pressure,  is  governed,  in  some 
measure,  by  the  intensity  oi  the  source  of  heat,  and  is  in  no 
way  afiected  by  the  motions  of  the  aerial  fluid.  The  elasticity 
of  the  vapour  is  exactly  equivalent  to  that  of  the  air,  which 
yields  en  masst  to  its  lightest  impulse.  When  disengaged,  it 
IS  immediately  precipitated  in  the  form  of  cloud,  giving  out 
its  latent  caloric  to  the  ambient  medium ;  and  under  that 
form  is  again  exposed  to  the  process  of  evaporation,  accord* 
ing  to  the  laws  of  the  third  division  of  the  process.  All  the 
phenomena  attending  the  process  of  boiling  have  been  ably 
investigated  by  Gay-Lussac,  Dalton,  Ure,  and  Arch-deacon 
WoUaston :  but,  as  they  have  but  little  connexion  with  the 
atmospheric  relations,  which  are  the  particular  object  of 
the  present  paper,  I  shall  proceed  to  the  second  case  of 
evaporation. 

When  the  evaporating  fluid  is  of  a  higher  temperature 
than  the  surrounaing  air,  but  not  so  high  as  to  emit  vapour 
of  equal  elasticity  to  it,  the  exhalation  is  proportionate  to 
the  diffiBrence  of  temperature.  The  gaseous  fluid,  in  con- 
tact with  the  surface,  becomes  lighter  by  the  abstraction  of 
portions  of  the  excess  of  heat,  and,  rising  up,  carries  with  it, 
m  its  ascent,  the  entangled  steam.  This,  as  in  the  former 
case,  is  precipitated,  and,  in  the  form  of  cloud,  exposed  to 
the  third  species  of  evaporation.  This  process  is  not  only 
proportioned  to  the  difierence  of  temperature,  and  the  elas- 
ticity of  the  vapour,  but  is  also  governed  by  the  motion  of 
th6  air.  A  current  or  wind  tends  to  keep  up  that  inequality 
of  heat  upon  which  it  depends,  and  prevents  that  equaliza- 
tion which  would  gradually  take  place  in  a  stagnant  air. 
Such  is  the  evaporation  which  often  takes  place  in  this  climate, 
in  autumn,  from  rivers,  lakes,  and  sea,  and  which  is  indicated 
by  the  fogs  and  mists  which  hang  over  their  surfaces. 
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It  IS,  bowever,  the  third  modification  of  circumstances, 
whiclx  is  the  most  interesting  in  the  point  of  view  which  I 
have  suggested,  and  from  which  L  have  merely  distinguished 
the  preceding,  to  free  the  subject  from  ambiguity.  When  the 
temperature  of  water  is  below  that  of  the  atmosphere,  it  still 
exhales  steam  from  its  surface ;  but  m  this  case,  the  vapour, 
neither  having  the  force  necessary  to  displace  the  gaseous 
fluid,  nor  heat  enough  to  cause  a  circulation,  which  would 
raise  it  in  its  course,  is  obliged  to  filter  its  way  slowly 
through  its  interstices ;  and  the  nature  of  the  resistance  it 
meets  with  in  this  course  is  the  first  object  of  investigation. 

The  force  of  vapour,  at  different  temperatures,  has  been 
determined  with  great  accuracy,  and  the  amount  of  evapora- 
tion has  been  shewn  to  be  azteris  paribus^  always  in  airect 
proportion  to  this  force.  The  quantity  is  also  known  to 
aepeod  upon  the  atmospheric  pressure,  but  I  know  of  no 
experiments  which  establish  the  exact  relation  between  the 
two  powers.     I  attempted  to  elucidate  the  point  as  follows : 

By  ^hclosing  in  a  glass  receiver,  upon  the  plate  of  an  air- 
pamp,  a  vessel  with  sulphuric  acid,  and  another  with  water, 
and  by  properly  adjusting  the  surfaces  of  the  two,  it  is  easy 
to  maintain,  in  the  included  atmosphere  of  permanently-elas- 
tic fluid,  an  atmosphere  of  vapour  of  any  required  force ;  or, 
in  the  usual  mode  of  expressing  the  same  fact,  the  air  may 
be  kept  at  any  required  degree  of  dryness.  The  density  of 
the  air,  in  such  an  arrangement,  may,  of  course,  be  varied 
and  measured  at  pleasure.  Now  there  are  three  methods  of 
estimating  the  progress  of  evaporation  in  such  an  atmos- 
phere: &e  first  and  most  direct,  b  to  weigh  the  loss  sus* 
tained  by  the  water  in  a  given  time ;  the  second,  to  measure, 
by  a  thermometer,  the  depression  of  temperature  of  an  eva- 
porating surface ;  and  the  third,  to  ascertain  the  dew  point, 
by  means  of  the  hygrometer. 

ExPERiHENT  1. — ^The  receiver  which  I  made  use  of,  was 
of  large  capacity,  and  fitted  with  a  hygrometer.  I  placed 
under  it  a  flat  glass  dish,  of  7|  inches  diameter,  the  bot- 
tixn  x>f  which  I  covered  with  strong  sulphuric  acid.  The 
glass  bell  but  just  passed  over  it,  so  that  the  base  of  the  . 
included  column  of  air  rested  every  where  upon  the  acid. 
In  the  centre  of  the  dish,  was  a  stand  with  glass  feet,  which 
supported  a  light  glass  vessel  of  2.7  inches  diameter,  and 
1.3  inches  depth.  Water  to  the  height  of  an  inch  was 
poured  into  the  latter,  the*surface  of  which  stood  lust  three 
inches  above  that  of  the  acid.  A  very  delicate  thermome- 
ter rested  in  the  water,  upon  the  bottom  of  the  glass,  and 
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smother  was  suspended  in  the  air*  It  may  be  necestary  to 
observe,  that  the  sides  of  the  vessel  were  perpendicular  to 
its  bottom^  which  was  perfectly  flat*  The  height  of  the 
barometer  was  39.6,  and  the  temperature  of  the  water  56^ 
In  twenty  minutes  from  the  beginning  of  the  experiment,  the 
hygrometer  was  examined,  and  no  deposition  of  moisture 
was  obtained  at  26^ 

This  being  the  greatest  degree  of  cold  which  could  be 
conveniently  produced  by  the  affusion  of  ether,  the  experi- 
ment  was  repeated,  with  a  contrivance  which  admteted  of 
the  application  of  a  mixture  of  pounded  ice,  and  muriate  of 
lime,  to  the  exterior  ball  of  the  hygrometer.  In  this  man- 
ner the  interior  ball  was  cooled  to  0°,  without  the  appear- 
ance of  any  dew.  The  temperature  of  the  water  and  air 
were,  in  this  instance,  58°,  and  the  pressure  of  the  atmos* 
phere  30.5. 

From  this  experiment  it  appears,  that  in  the  arrangement 
above  described,  the  surface  of  water  was  not  adequate  to 
maintain  an  atmosphere  of  the  small  elasticity  of  .068  inch ; 
in  other  words,  the  degree  of  moisture  in  the  interior  of  the 
receiver  could  not  have  exceeded  139,  the  point  of  saturation 
being  reckoned  1000.  How  much  less  it  was  than  this,  or 
whether  steam  of  any  less  deme  of  elasticity  existed,  the 
experiment  of  course  did  not  determine.  We  may  reckon,  * 
however,  without  any  danger  of  error  in  our  reasoning,  that 
the  sulphuric  acid,  under  these  circumstances,  maintained 
the  air  in  a  state  oi  almost  perfect  dryness. 

Experiment  9. — The  same  trial  was  made  with  atmos* 
pheres  variously  rarefied,  by  means  of,  the  pump.  No  de- 
position of  moisture  was,  in  any  case  perceived  with  the 
utmost  depression  of  temperature,  which  it  was  possible  to 
produce ;  and  the  state  of  dryness  was  as  great,  in  the  most 
highly  attenuated  air  as  it  was  in  the  most  dense.  In  the 
higher  degrees  of  rarefaction,  the  water,  however,  became 
frozen. 

Experiment  3. — ^The  water,  which  had  been  previously 
exposed  to  the  vacuum  of  the  pump  to  free  it  from  any  air 
in  solution,  was  weighed  in  a  very  sensible  balance,  bkore 
it  was  exposed  to  the  action  of  the  sulphuric  acid  under  the 
receiver.  Its  temperature  was  45°,  and  the  height  of  the 
barometer  30«4.  In  half  an  hour's  time,  it  was  again  weighed, 
and  the  loss  by  evaporation  was  found  to  be  1.24  grain.  It 
was  replaced,  and  the  air  was  rarefied  till  the  gauge  of  the 
pump  stood  at  15.2 ;  in  the  same  interval  of  time  it  was  re^ 
weighed,  and  the  loss  was  3.72;  but  its  temperature  was  re- 
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fiaced  to  4S^.  The  loss  from  evworadon,  in  equal  intervads, 
with  a  pressure  constantly  diminishing  one-half,  was  found  to 
be  as  follows: 


Itff^pen 
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IjOss. 

Pressure, 
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End. 

Graiiu, 

30.4 

45 

45 
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45 
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45 
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45 

41 
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.95 

44 

37 

24.16 

,47 

45 

31 
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ExPSRiHSKT  4. — ^The  arrangement  described  in  the  last 
experiment,  having  been  found  adequate  to  maintain  in  the 
receiver  a  state  approaching  to  that  of  complete  dryness,  I 
had  no  opportunity  of  judging  whether  the  elasticity  of  the 
vapour,  as  it  rose  from  the  surface  of  the  water,  varied  in 
any  degree  with  the  pressure  of  the  air,  or  whether  any  part 
of  the  increase  of  evaporation  were  depend^it  upon  such 
variation.  To  determine  this  point,  I  placed  the  sulphuric 
acid  in  a  glass,  of  the  diameter  of  2.8  inches,  so  that  its  sur- 
face was  very  little  more  than  equal  to  that  of  the  waten 
The  vessels  were  placed  side  by  side,  upon  the  plate  of  the 
air-pump,  and  covered  with  the  receiver*  The  temperature 
of  uie  water  and  air  was  5S*,  and  the  height  of  the  oarome- 
ter  29.8.  The  following  table  shews  the  dew  point,  which 
was  obtained  at  intervals  of  half  an  hour,  at  different  degrees 
of  atmospheric  pressure : 

B(urom^     Tmip.  ef  Watw  amd  Air.    Dtn  PoinU 

39.B  52  S6 

14.9  63  37 

7.45  63  35 

3.72  53  36 

1.86  53  34 

.93  53  36 

.15  53  36 

The  differences  of  these  results  are  so  extremely  small, 
and  are  oioreover  so  Uttle  connected  with  the  variations  of 
density,  that  there  can  be  no  difikulty  in  regarding  them  as 
errors  of  observation,  and  we  may  conclude,  that  the  elas- 
ticity of  vapour,  given  off  by  water  of  the  same  temperature, 
is  not  influenced  by  differences  of  atmospheric  pressure.  The 
equal  surOaK^es  of  smphoric  acid  and  water  here  made  use  of, 
aaintaki^  at  the  temperature  of  53^,  a  degree  of  saturation 
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equal  to  570.     I  repeated  the  experiment,  at  the  temperature 
of  61%  and  the  following  are  the  results : 

Barom.  Temp,  of  Water  and  Air.  Dew  Point 

29.6                           61  48 

14.8                            61  49 

7.4  60  48 
3.7  61  50 
1.85                          61  48 

.92  60  48 

•15  61  48 

Udder  these  circumstances,  the  amount  of  saturation  was 
651 ;  an  increase  evidently  dependent  upon  the  force  of  the 
vapour,  but  not  in  exact  proportion  to  its  augmentation. 

Experiment  5. — Being  now  desirous  of  ascertaining  in 
what  degree  the  temperature  of  an  evaporating  surface  would 
be  influenced  by  differences  in  the  density  of  the  air,  I  made 
the  following  disposition  of  the  apparatus :  To  a  brass  wire, 
sliding  through  a  collar  of  leathers,  in  a  ground  br^ss  plate, 
I  attached  a  very  delicate  mercurial  thermometer ;  this  was 
fixed  air-tight,  upon  the  top  of  a  large  glass  receiver,  which 
covered  a  surface  of  sulphuric  acid  of  nearly  equal  dimen- 
sions with  its  base.  Upon  a  tripod  of  glass,  standmg  in  the 
acid,  was  placed  a  vessel  containing  a  little  water,  into  which 
the  thermometer  could  be  dipped  and  withdrawn  by  means 
of  the  sliding  wire.  The  bulb  of  the  thermometer  was 
covered  with  filtering-paper.  At  the  commencement  of  the 
experiment,  the  barometer  was  at  30.2  inches,  and  the  tem- 
perature of  the  air  50°.  Upon  withdrawing  the  thermometer 
from  the  water,  it  began  to  fall  very  rapidly,  and  in  a  few 
minutes  reached  its  maximum  of  depression.  The  following 
table  presents  the  results  of  the  experiment,  for  different  de- 
grees of  the  air's  density ;  the  intervak  were  each  of  twenty 
minutes : 

Barom.  Temp,  of  Air.  Temp,  of  wet  TTier.  Difference* 
30.2  50  41  9 

15.1  49  37  12 

7.5  49  34  15 

3.7  49.5  31.5  18 

1.8  49.5  28.5  21 
.9  49  24.5  24.6 
.4  49  23  26 

Here,  in  an  atmosphere  which  a  former  experiment  has 
proved  to  be  in  a  state  of  almost  perfect  dryness,  we  find 
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that,  at  the  full  atmospheric  pressure,  the  wet  surface  of  the 
thermometer  was  reduced  9^.  It  is  worthy  of  remark,  also, 
how  small  a  quantity  of  water  is  required  to  produce  this 
effect.  It  has  been  previously  shewn,  that  a  surface  of  3.7 
inches  diameter,  only  lost  K24  miin  in  half  an  hour.  This 
would  have  been  1.41  grain  at  me  temperature  of  49.  The 
surface  of  the  wet  thermometer  could  not  have  exceeded  -f^Htk 
of  that  of  the  evaporating  vessel,  and  the  maximum  effect  was 
produced  in  ten  minutes,  or  \  of  the  time,  so  that  the  weight 
of  water  evaporated  in  this  case,  was  not  more  than  (.0094 
grains)  one-hundredth  of  a  grain. 

The  aqueous  fluid  is  so  abundantly  spread  over  the  face 
of  the  earth,  that  there  can  be  no  doubt  that  the  perma- 
nently elastic  atmosphere  which  surrounds  it,  woula  very 
speeaiiy  be  saturated  with  its  steam,  did  not  s6me  cause, 
analogous  to  the  sulphuric  acid  in  the  receiver,  prevent  its 
universal  diffusion.  This  never-failing  cause  is  inequality  of 
temperature.  As  in  the  smaU  experiment  we  found  that  the 
degree  of  dryness  was  proportioned  to  the  energy  of  the  ab- 
sorbent mass,  and  that  the  existing  v^xmr  was  equally  dif- 
fused between  it  and  the  exhaling  surface ;  so,  in  the  larger 
operations  of  nature,  we  shall  find  that  the  state  of  saturation 
is  dependent  upon  the  point  of  precipitation,  and  that  the 
aqueous  atmosphere  is  nearly  uniform  between  it  and  the 
source  of  steam. 

Now,  it  is  well  understood,  that  the  temperature  of  the 
gaseous  atmosphere  in  its  natural  state  must  decrease  with 
its  density  as  we  ascend  to  its  upper  parts ;  so  that  a  great 
degree  of  cold  is  at  all  times  to  be  found  within  a  very 
moderate  distance  firom  the  surface  of  the  waters.  It  is  this 
low  temperature  which  determines  the  tension  of  the  aqueous 
atmosphere;  and  it  is  evident  that  the  evaporation  which  is 
thus  caused  at  the  base  of  the  aerial  fluid,  must  be  accom- 
panied by  simultaneous  and  equal  precipitation  above.  What 
then  becomes  of  the  precipitated  moisture  ?  Let  us  endeavour 
to  trace  the  order  of  this  phenomena.  We  will  first  suppose 
a  cahn  state  of  the  atmosphere,  a  temperature  of  80^,  and 
the  barometer  at  30  at  the  surface  of  the  earth.  By  a  calm 
state  of  the  atmosphere  is  here  meant,  one  that  is  free  from 
any  lateral  wind,  and  in  which  the  only  currents  being  in  an 
ascending  and  descending  direction,  evaporation  would  pro- 
ceed at  the  rate  exhibited  in  the  first  column  of  Mr  Dalton's 
table.  The  dew-point  at  the  surface  of  the  earth  is  64%  and 
this  is  determined  by  the  temperature  at  the  height  of  about 
5000  feet,  where  the  barometric  column  would  maintain  itself 


4B  Mr  DmAtU  m  Evofwratim. 

at  ^4  inches*  The  degree  of  saturaticHi  below  would  there* 
lore  be  600,  aRd  the  amount  of  evaporation  1.74  grain  per 
minute  from  a  suriiace  of  six  inches  aiameter.  This  quantity 
we  theref<»%  suppose  condensed  at  the  hieight  before  named. 
But  the  state  ot  saturation  in  the  atmosphere  above  this 
point  of  precipitation,  is  again  diminished ;  for  we  may  sup- 
pose the  force  of  the  vapour  to  be  determined  by  a  tempera- 
ture of  ^\^  at  a  height  of  15000  feet,  whesre  the  barometer 
would  stand  about  16  inches.  The  force  of  evaporation 
would  therefore  be  1.71  grain  per  minute,  at  the  full  atmo- 
spheric pressure ;  and  this  amount  increasing  as  the  pressure 
mminishes,  would  ^ve  2.13  grains  per  minute;  so  that  the 
power  of  evaporation  at  this  stage  exceeds  the  supply  of 
moisture,  and  no  cloud  could  possibly  be  formed.  Above 
the  second  point  of  condensation,  let  us  now  suj^ose  the  force 
of  the  vapour  to  be  determined,  in  still  loftier  regions,  by  a 
temperature  of  12^.  The  fiMxe  of  evaporation  would  then  be 
0.44  grain,  increased  in  the  proportion  oS  16'  inches  to  30, 
or  0.82  grain.  Here,  then,  the  power  of  evaporation  would 
be  insufm^ient  to  difiuse  in  the  upper  regions  the  whole  of  the 
moisture  supplied  from  the  surface  of  the  earth,  and  a  cloud, 
it  might  be  supposed,  must  consiequently  resuh.  But  another 
modification  of  the  process  now  ensues;  the  precipitated 
moisture  has  a  tendency  to  fall  back  into  the  warm  air  be> 
low  it,  and  consequently  would  aeain  assume  the  elastic  form 
with  a  rajndity  proportioned  to  the  rarefaction  of  the  stratum 
in  which  it  is  difiiised.  There  is,  I  think,  no  difficulty  in 
supposing  that  no  visible  cloud,  or  one  of  extreme  tenuity, 
would  be  formed  during  this  double  process  of  evaporation. 
A  very  important  reaction,  however,  must  take  place  upon 
the  strata  of  vapour  beneath ;  the  elastic  force  being  increased 
above,  enables  the  water  below  to  maintain  an  atmosphere  of 
a  higher  degree,  and  the  quantity  of  evaporation  must  de- 
crease as  the  point  of  saturation  rises.  A  different  arrange- 
ment of  the  points  of  precipitation  would  ensue  in  the  progress 
of  these  effects. 

An  important  distinction  must  here  be  drwan  between  the 
ultimate  effects  of  the  superior  and  inferior  evaporation  de- 
noted above.  In  the  first,  the  whole  we^t  of  water  is  con- 
densed and  simultaneously  exhaled;  ana  although  itconsti* 
tutes  steam  of  an  inferior  degree  of  force,  there  is  little  or  no 
difference  in  the  quantity  of  its  latent  heat,  and  no  effect  is 
therefore  produced  upon  the  temperature  of  that  portion  of 
the  atmosphere  in  wnich  the  change  takes  place.  But  in 
the  second,  the  condensation  baj^)ens  at  one  spot,  and  the 
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▼aporaation  at  another  inferior  to  it;  the  latent  heat  is 
therefore  erolved  at  the  former,  and  communicated  to  the 
air,  while  at  the  latter  the  process  is  reversed,  and  the  air  is 
cooled  The  process  of  this  deration  would,  therefore,  tend 
to  equalize  the  temperature  oi  the  atmosphere* 

We  will  next  imagine  that  the  surface  of  the  earth  is  swept 
bj  a  high  wind,  and  that  the  atmosphere,  instead  of  resting 
calmly  upon  its  base,  moves  lat^allj  with  ereat  volocitj* 
Under  these  circumstances  experience  has  snewn  that  the 
amount  of  evaporation  will  be  nearly  doubled ;  but  the  force 
of  evaporation  is  not  altered  in  the  upper  regions.  The  inp 
ferior  exhaling  surface  being  immoveable,  the  motion  of  the 
air  perpetuaUy  changes,  and  renews  the  points  of  contact, 
and  prevents  accumulatkm  at  any  one  place;  but  in  the 
heights  of  the  atmosphere  the  exhaling  siuiace  of  the  cloud 
is  b<»iie  upon  the  wind,  and  their  relative  situations  never 
change. 

The  progress  of  precipitation  must,  therefore,  necessarily, 
under  tnese  circumstances,  outstrip  that  of  evaporation,  and 
the  disturbance  of  the  atmospheric  temperature  will  be 
greatly  accelerated. 

There  is  another  cause  which  would  also  quicken  evapo- 
ration below,  without  equally  increasing  its  power  of  dimi* 
skm  at  any  given  height  above ;  and  that  is  a  decrease  in 
the  density  of  the  air  at  the  surface  of  the  earth.  Under  the 
circumstances  of  our  first  supposition,  imagine  the  barometer 
to  fall  38  inches,  the  evaporation  would  be  increased  from 
1.74  grain  per  minute,  to  1.86  erain;  but  this  decline 
of  two  inches  at  the  surface  would  indicate  a  contempora- 
neous fall  of  little  more  than  one  inch  at  the  height  of  15,000 
feet,  and  the  rate  of  diffusion  would  vary  accordingly. 
When  it  is  considered  that  great  falls  of  the  barometer  arc 
generally  accompanied  by  high  winds,  and  that  this  dispa- 
rity is  multiplied  by  the  force  of  the  current,  it  is  easy  to 
appreciate  the  influence  of  this  local  increase  of  the  power 
of  evaqporation. 

The  facility  of  evaporation  in  the  rarer  regions  of  the  at- 
mosphiere  will  also  go  far  to  account  Cm*  the  state  of  satura- 
tion in  which  the  air  of  mountainous  countries  is  generally 
found,  and  many  minor  meteorological  phenomena  might 
probably  meet  with  their  explanation  from  variations  of  the 
same  cause  ;  such  as  the  fogs  which  frequently  accompany 
a  very  high  degree  of  atmospheric  pressure,  and  that  pecu- 
liar transparency  of  the  air  which  often  precedes  rain,  and 
is  accompanied  by  a  falling  barometer.    But  to  return  again 
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to  the  more  general  and  extended  inflaence  of  the  vapour 
upon  the  boundless  strata  of  the  atmosphere : — that  the  phe-* 
nomena  of  evaporation  and  condensation,  as  we  have  been 
contemplatmg  their  progress,  have  not  been  described  with 
any  bias  to  theoretical  considerations,  but  are  in  strict  ac- 
cordance with  facts  and  observations,  any  one  might  easily 
convince  himself  with  less  diflkulty  than  would  at  first  be 
supposed.  To  prove  the  assertion  I  shall  extract  the  follow- 
ing passages  from  the  works  of  De  Luc,  who  was  probably 
one  of  the  most  accurate  observers  of  nature  that  ever  exist- 
ed, and  who  seldom,  indeed,  allowed  any  hypothetical  con- 
siderations to  warp  his  description  of  what  he  had  observed. 
They  will  afford  a  complete  illustration  of  the  preceding 
remarks,  although  they  were  penned  by  him  to  support  a 
very  different  hypothesis* 

^^  If  we  give  but  a  slight  attention  to  the  surface  of  the 
mists  seen  from  the  mountains,  merely  enjoying  them  as  a 
fine  spectacle,  we  may  think  that  they  are  permanent ;  that 
the  evaporation  has  arrived  to  its  maximum  at  the  surface  of 
the  water,  because  the  air  has  attained  an  extreme  humidi- 
ty, and  because  the  vapours  which  cloud  the  transparency 
of  this  air  remain  for  weeks  and  even  months ;  that  is  to  say, 
as  long  as  the  mists  preserve  themselves  at  the  same  eleva- 
tion.    But  the  phenomenon  is  very  different  from  this  first 
appearance ;  the  evaporation  continues  at  the  surface  of  the 
water,  the  vapours  thus  formed  ascend  continually,  and  a 
new  evaporation  takes  place  at  the  surface  of  the  mists. .    It 
is  a  spectacle  equally  amusing  and  instructive,  when  that 
which  forms  this  surmce  b  seen  from  a  place  a  little  eleva- 
ted above  it,  and  in  a  great  valley,  where  there  is  at  some 
distance  mountains  darkened  by  forests  of  fir-trees.     Such  a 
valley  lighted  by  the  rays  oi  the  sun,  seems  to  be  heaped 
with   cotton,   drawn  through   all  its   surface   by  invisible 
beings  into  invisible  thread ;    there  are  every  where  made 
bunches,  resembling  those  made  by  a  spinster  over  her  dis- 
taff, in  drawing  the  cotton  to  form  her  tnread,  and  these  dis- 
appear successively  and  waste  themselves  in  the  air.     Some- 
times these  bunches  elongate,  and  separate  Uiemselves  from 
the  mass;   by  their  tendency  to  rise  we  see  them  again 
stretch  out  as  a  parcel  of  gauze,  unfolding  itself,  and  m  a 
little  time  disappearing*    In  this  way  the  mists  are  constant- 
ly forming  at  the  surface  of  the  water,  and  the  earth;  but 
they  are  also  constantly  wasting  themselves  in  the  upper 
air,  and  at  the  same  time  we  do  not  perceive  that  the  nu- 
midity  is  thereby  augmented.''     Ideis  sur  la  Mitiorologie^ 
torn.  2,  p.  78. 
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^  Since  lAj  ideas  hare  changed  on  the  cause  of  rliin,  I 
have  remarked  that  thej  quite  eridently  evaporate,  even 
^hile  they  are  increasing.     If  we  look  at  their  irreeuiar 

figured  bolder,  which,  wben  it  has  for  a  black  eround  the 
a£are  of  the  heavens,  presents  a  thousand  singular  figures, 

such  as  the  imagination  lends  them,  we  can  aid  the  exami- 
nation  of  whkh  1  speak ;  thus  rendering  their  chanffes  more 
striking.  It  often  happens  that  the  part  on  which  we  fix 
our  attention  vanishes  even  at  the  place  where  we  commenco 
to  observe  It :  often  also  we  see  it  enlarge  without  the  body 
of  the  cloud  moving,  and  it  does  not  dissipate  in  the  least 
during  this  extension.  Sometimes  while  one  of  the  festoons 
of  the  cloud  disappears,  we  see  others  from  it  form  and 
stretch  themselves,  and  produce  new  festoons,  from  which 
the  cloud  enlarges :  at  otner  times  they  diminish,  and  then 
all  the  festoons  successively  evaporate  and  no  new  ones  are 
acquired,  but  by  changes  of  figure ;  we  perceive  at  the  same 
time  that  ibey  become  more  thin,  and  at  length  they  totally 
disappear. 

^  It  is  this  which  has  led  me  to  think,  that  there  is  m 
effect  in  the  air  a  general  source  t)f  vapours  which  ftirnishea 
them  in  certain  circumstances ;  that  vapours  are  produced 
at  the  place  where  the  clouds  form ;  that  it  is  by  the  dura- 
tion of  this  production  of  vapours  that  the  clouds  subsist, 
and  even  enlarge ;  however  they  evaporate  by  turns,  and 
that  when  they  disappear,  it  is  because  their  evaporation  is 
not  repaired  by  the  formation  of  new  vapours."    lb.  p.  117. 

1  shall  now  conclude  this  paper  with  an  observation  which 
is  intimately  connected  with  the  subject  of  the  preceding 
ps^s.  It  has  been  argued  that  the  quantity  of  beat  which 
would  be  communicated  to  the  air  by  the  condensation  of 
atmospheric  vapour  would  be  trifling,  and  inadequate  to  pro- 
duce those  expansions  in  the  aerial  currents  to  which,  in  my 
cssav  upon  the  constitution  of  the  atmosnhere,  I  have  ascrib- 
ed the  fluctvations  of  the  barometer.  Now  I  have  therein 
shewn  how  the  gradual  spread  of  a  small  increase  of  tem- 
perature, through  a  considerable  stratum,  is  sufficient  for  the 
purpose ;  and  a  very  little  consideration  will,  I  think,  con- 
vince any  one  that  the  evolution  of  caloric  is  by  no  means 
so  small  oa  has  been  supposed. 

The  following  rough  calculation  will  place  the  facts  m  a 
striking;  point  ot  view : — ^Tbe  latent  heat  of  steam  has  been 
proved  to  be  somewhat  about  970°,  and  it  is  known  that, 
whatever  be  its  density,  or  the  temperature  at  which  it  is 
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produced,  the  amount  will  differ  but  little  from  this  estimate. 
The  condensation,  therefore,  of  a  pound  of  steam  of  any  de- 
gree of  elasticity  would  be  adequate  to  raise  a  pound  of 
water  970°.  The  capacity  of  atmospheric  air,  of  mean  den* 
sity,  for  heat,  comipared  to  that  of  water,  is  as  .2669  to  1  ; 
therefore  the  same  quantity  of  heat  which  would  raise  a 
pound  of  water  1°,  would  raise  a  pound  of  air  .30.7.  The 
condensation,  of  a  pound  of  steam  would,  therefore,  elevate 
the  weight  of  air  to  3589^  A  pound  of  air  is  equal  to  about 
11  cubic  feet,  so  that  the  evolution  of  heat  from  the  conden- 
sation of  a  pound  of  steam,  would  be  sufficient  to  raise  the 
temperature  of  3657  cubic  feet  of  air  10^ 
.  When  we  now  look  to  the  depth  of  water  which  falls  upon 
the  surface  of  the  earth,  and  recollect  that  this  is  not  the  sole 
measure  of  the  effect  we  are  endeavouring  to  estimate,  but 
that  the  unceasing  precipitation  and  exhalation  of  the  clouds 
is  perpetually  extending  this  influence  to  the  most  ipaccessi- 
ble  heights,  we  shall,  perhaps,  have  a  juster  notion  of  the 
prodigious  power  of  atmospheric  vapour ;  and  it  will,  I 
think,  be  granted,  that  I  have  not.  over-rated  the  impidse 
which  it  is  calculated  to  impart. 


Art.  VI. — Manufacture  of  Sugar  of  Lead.     [Lond.  Mech» 

Journal.'] 

This  salt  is  an  object  of  considerable  interest  on  account 
of  the  great  use  made  of  it  in  calico-printing,  as  well  as  in 
some  other  arts.  In  the  calico-printing  business,  it  is  in 
reality  one  of  the  most  useful  preparations ;  or  according  to 
the  French  term,  which  many  of  the  English  writers  wish 
to  naturalize  among  us,  mordant,  or  biter-m.  It  is  probable 
that  in  time  it  will  be  less  used  than  at  present;  and  that 
acetate  of  lime,  which  is  a  much  cheaper  salt,  and  which 
also  decomposes  alum,  and  changes  its  base  into  an  acetate, 
will  be  preferred. 

The  French  complain  much  that  this  change  is  likely  to 
take  place;  because  the  manufacture' of  sugar  of  lead  brings 
into  use  the  inferior  wines  produced  in  some  of  their  pro- 
vinces, especially  those  which  will  not  keep  for  any  time : 
but  as  a  greater  consumption  has  taken  place,  and  the  pyro- 
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ligneous  acid  or  vinegar  of  wood  presents  greater  advan- 
tages, these  two  products  are  become  reciprocal  advantages. 

Formerly  this  acetate  of  lead  was  made  from  vinegar  and 
blue  lead :  that  is  to  say,  common  metallic  lead :  some  manu- 
facturers, however,  used  white  lead  for  this  purpose ;  but  as 
this  is  usually  mixed  with  more  or  less  whiting,  a  portion  of 
the  acid  was  taken  up  by  this  calcareous  earth ;  the  acetate 
of  lime  thus  produced,  augmented  the  quantity  of  mother 
water,  and  was  injurious  to  the  crystallization. 

The  process  formerly  used  was  this ;  as  the  lead  is  not 
attacked  by  the  acid  while  it  retains  its  metallic  form,  cast 
lead  was  cut  in  pieces  by  chissels,  for  milled  lead  was  con- 
sidered as  too  close ;  these  cuttings  were  put  into  pans,  and 
a  small  quantity  of  vinegar  was  poured'  on  them,  but  not 
sufficient  to  cover  them.  The  part  which  was  not  sunk  be- 
neath the  acid  becomes  oxidized  in  a  short  time ;  and  as  the 
cuttings  were  stirred  several  times  a  day,  in  order  to  change 
the  surfaces  exposed  to  the  air  or  to  the  acid,  the  oxide  was 
gradually  dissolved  in  the  vinegar.  When  the  acid  was 
saturated,  the  liquors  in  the  several  pots  were  poured  into  a 
tinned  copper  boiler  and  boiled  down  one-third ;  the  liquor 
was  then  altered,  and  boiled  down  again,  until  on  trial  it 
appeared  fit  for  crystallizing ;  it  was  then  decanted  and  set 
by  to  crystallize ;  the  first  crop  was  large  and  white  needle- 
lu:e  crystals ;  but  the  mother  waters,  by  further  evaporation, 
yielded  coloured  crystals. 

This  method  has  given  place  to  another,  which  is  far 
superior,  and  founded  upon  an  exact  knowledge  of  the 
nature  and  proportion  of  this  salt. 

It  is  well  known  that,  according  to  the  best  analysts,  the 
acetate  of  lead  is  composed  in  round  numbers  of  58  parts, 
in  100  oxide  of  lead,  26  of  acid,  and  16  of  water,  of  course 
the  saturating  power  of  the  pyroligneous  acid  intended  to  be 
employed  must  be  examined,  in  order  to  deterpiine  how 
much  of  it  answers  to  26  parts  of  the  dry  acid.  When  this 
acid  is  at  40  degrees  of  the  acidemeter,  it  generally  requires 
68  lbs  of  it  to  be  poured  on  58  lbs  of  litharge.  The  solu- 
tion takes  place  immediately,  and  is  so  quickly  made,  that  a 
considerable  heat  is  produced,  which  retains  the  sugar  of 
lead  in  solution ;  but  a  little  fire  is  usually  given,  and  some 
water  added,  to  keep  up  this  solution  until  the  liquor  has 
become  clean,  and  it  is  then  poured  into  crystallizing  pans. 

The  crystals,  which  usually  weigh  75  lbs  are  produced 
in  about  thirty-six  -hours ;  they  are  drained  and  carefully 
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dried.  The  mother  water,  which  contains  about  35  lbs  of 
the  suear,  by  evaporation  yielded  great  part  of  its  con* 
tents ;  but  the  crystals  are  by  no  means  so  fine  as  the  for- 
mer. When  the  mother  waters  no  longer  yielc)  crystalsi 
they  are  mixed  with  salts  of  soda,  when  a  carbonate  of  lea4 
falls  down,  and  acetate  of  soda  remains  in  solution.  Th9 
carbonate  of  lead  may  be  used  instead  of  litharge  in  future 
operations. 

It  will  be  found  preferable  at  first  to  add  the  mother  wa« 
ter  to  the  acid  and  litbar^,  and  thus  near  100  lbs  of  good 
sugar  of  lead  will  be  obtained  instead  of  75  lbs  by  the  firsi 
crystallization :  but  this  method  cannot  be  continued  for  any 
time,  as  the  liquor  will  become  greasy,  the  crystallization 
will  be  hindered,  and  the  sugar  of  lead  becomes  difficult  to 
drain,  so  that  it  is  then  necessary  to  abstain  from  adding  the 
mother  water  any  longer  to  the  solution,  and  to  decompose 
it  1^  salt  of  soda. 

The  acid  ought  to  be  pure,  and  particularly  free  from  tar 
and  sulphurous  acid ;  the  tar  would  discolour  the  sugar  of 
lead,  and  the  sulphurous  acid  produce  an  insoluble  precipt-* 
tate  of  sulphate  of  lead. 

The  boiling  solution  may  be  brought  to  various  densities^ 
by  adding  more  or  less  watery  and  as  this  difierence  pro- 
duces some  variety  in  regard  to  the  crystals,  the  manufac* 
turer,  by  a  Uule  observation,  may  suit  the  taste  of  his  cus- 
tomers. 

To  obtain  a  very  white  sugar  of  lead,  the  metal  or  litharge 
should  have  no  admixture  of  c<^per,  as  is  usual  in  French 
lead  and  German  litharge.  Its  efiects  may,  however,  bo 
obviated,  by  putting  a  few  plates  of  lead  mto  the  boiler. 
But  some  manufacturers  do  not  wish  to  separate  the  copper, 
because  it  gives  the  sugar  of  lead  a  slight  bluish  tinge, 
which  pleases  the  eye  of  many  of  the  buyers. 

In  this  solution  ot  the  litharge  in  the  acid  there  remains  a 

'  very  small  residuum,  which  ought  not  to  be  thrown  away ; 

but  when  a  quantity  of  it  is  collected,  it  may  be  treated  as 

an  ore  of  silver,  as  it  is  composed  of  that  metal,  united  with 

oxide  of  copper,  of  lead,  and  some  earthy  substances. 

It  is  a  great  advantage  in  this  manner  of  forming  sugar  of 
lead,  by  means  of  strong  pyroligneous  acid,  that  it  is  not 
necessary  to  evaporate  the  solution  for  the  purpose  of  crys- 
tallizing it,  as  was  necessary  when  vinegar  was  used ;  for 
the  solution  is  decomposed  by  being  boil^,  and  part  of  the 
sugar  of  lead  is  changed  into  white  lead,  and  of  coursci 
sepai*ates  in  form  of  powder. 


(    w   ) 


Am.  yil«— On  Ac  Vu  of  lh%  ThtnnonuUr  m  Diiiillaiimj  a$ 
m  jf OnAomtter.*   By  M.  F.  Grosnino.  lEdin.  Phil.  Jour.} 

Abu  F.  Gboenino  in  Copenhagen,  in  the  course  of  using 
an  apparatus  for  distilling,  invented  by  himself,  made  the 
following  interesting  and  useful  discovery  of  the  use  of  the 
thermometer  in  distillation,  as  an  alkohometer. 

At  first  he  used  the  thermometer  merely  for  comparing 
the  temperature  of  the  interior  of  the  rectifier,  with  mat  of 
the  water  placed  about  it. 

After  many  experiments  made  with  this  view,  he  observed, 
without  variation,  that  the  thermometer  always  rose  to  a 
certain  point,  for  example  65^  Reaumur,  before  the  first  drop 
of  the  distilled  liquor  appeared  ;  and,  likewise,  that  it  re- 
mained at  that  point  till  aoout  half  the  fluid  in  the  retort  was 
evaporated,  but  then,  by  degrees,  at  first  slowly,  afterwards 
more  rapi^y,  rose  to  8**  R. 

This  discovery  led  him  to  the  conclusion,  that  the  pheno- 
menon could  only  depend  on  the  different  temperatures  of 
the  spirituous  and  watery  vapours*  The  former,  which 
comes  over  first,  has,  as  is  well  known,  a  lower  temperature 
than  the  latter,  which  follows  after  the  spirit  has  been  ex- 
tracted, and  thus  the  thermometer  is  affected  by  each  in 
succession. 

To  reap  more  benefit  6rom  this  discovery,  at  each  change 
of  the  thermometer,  be  tried  the  distilled  Hquor  with  the  al- 
kobometer,  by  which  means  he  obtained  the  following  very 
bterestin^  result :  that  as  long  as  the  thermometer  remained 
at  a  certain  point,  the  liquor  which  came  over  was  of  an  uni- 
form strengtn,  but  when  the  thermometer  rose,  the  liquor 
grew  weaker  and  weaker,  till  at  last  mere  water  came  over, 
namely  when  the  instrument  had  attained  the  height  of  80^ 
Reaumur. 

The  following  table,  constructed  firom  many  correspond- 
ing results,  will  serve  to  convey  a  clearer  idea  of  what  has 
h^nsaid. 

In  a  vessel  of  the  capacity  of  SO  pots,  (rather  more  than  a 
quart  English  to  each  pot,)  were  placed  25  pots  of  brandy, 
of  the  strength  of  8^  by  the  alkohometer  ;  the  following 
were  the  stations  of  the  mercury  in  the  thermometer  during 
the  operation  : 

*  Traiulated  from  the  Danish. 
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As  this  experiment  was  made  with  a  fluid  of  8°  strength, 
so  for  the  sake  of  greater  certainty,  several  experiments 
were  performed,  both  with  stronger  and  weaker  fluids,  and 
the  results  corresponded  exactly  with  the  above :  for  in- 
stance, with  a  fluid  of  14**  strength,  the  thermometer,  at  the 
commencement  of  the  distillation,  stood  at  63°,  and  the 
strength  of  the  spirit  was  16°;  the  instrument  continued  sta- 
tionary, until  the  spirit,  which  came  over,  was  weaker,  when 
it  rose  gradually  m  the  foregoing  proportion. 

On  the  other  hand,  when  the  strength  of  the  liquor  is  only 
4^5  at  the  beginning  of  the  operation  the  thermometer  stands 
at  ^J^-,  and  the  produt:t  is  14°,  but  afterwards  follows  by  de- 
grees the  preceding  proportions. 

The  experiments,  performed  many  times,  and  always  with 
the^same  result,  gave  rise  to  the  following  results: 

1.  A  person  may,  by  the  state  of  the  thermometer,  imme- 
diately ascertain  the  strength  of  the  liauor  in  the  vessel. 

2.  There  is  no  necessity  of  using  the  alkohometer  in  dis- 
tillation, as  the  preceding  account  shews  that  the  thermometer 
indicates  the  strength  of  the  liquor  with  equal  accuracy. 

3.  Without  drawing  off  any  spirit,  what  quantity  there  is 
of  any  particular  strength  may  be  immediately  known. 

4.  Every  possible  fraud,  during  the  operation,  may  be  pre- 
vented, as  the  apparatus  can  either  be  locked  up,  or  brought 
into  an  adjoining  apartment,  for  the  person  who  attends  the 
work  does  not  require  the  thermometer  to  direct  him. 

With  a  larger  apparatus  of  200  pots,  the  thermometer  dif- 
fered much  from  the  preceding  scale,  which  probably  was 
caused  by  its  not  being  perfectly  free  from  air;  this,  however, 
does  not  refute  the  accuracy  of  the  above  mentioned  results. 
A  person  may,  at  the  first  trial  with  each  apparatus,  imme- 
diately form  a  scale  for  himself. 

Although  this  discovery  has  only  been  tried  with  Mr  Groe- 
ning's  apparatus,  it  is  nevertheless  his  opinion,  that  a  proper 
application  of  the  thermometer  to  an  apparatus,  of  whatsoever 
construction,  iv^ill  give  the  same  results. 


(     55     ) 


Art.  Vni* — On  Animals  Preseroed  in  Amber,  vnth  Remarks  on 
the  Nature  and  Orrnn  of  that  substance*  By  J*  Mac  Culloch, 
M.  D.  F.  R.  S.     iJoum.  Roy.  Instit.] 

The  value  which  has  long  been  attached  to  the  specimens 
of  amber  which  contain  insects,  has  introduced  into  the  cabi- 
nets of  collectors  many  imaginary  examples  of  this  occur* 
rence,  which  a  more  careful  examination  would  have  proved 
to  be  fallacious.  For  the  sake  of  those  who  may  be  inclined 
to  purchase  such  specimens,  or  to  reexamine  their  own  acqui- 
sitions of  this  nature,  it  may  be  useful  not  only  to  suggest  the 
frequent  deceptions  to  which  they  are  exposed  by  not  attend- 
ing to  the  real  characters  of  the  incluaing  material,  but  to 
point  out  an  easy  method  of  distinguishing  the  true  from  the 
false.  It  is  the  more  necessary  to  do  this,  as  the  test  which 
the  Abbe  Haiiy  has  given  in  his  work  for  this  purpose,  is 
neither  satisfactory  nor  of  easy  application. 

The  existence  of  an  insect  in  amber  is  an  unquestionable 
proof  of  the  vegetable  origin  of  this  remarkable  substance, 
and  is,  therefore,  in  a  mineralogical  view,  an  important  fact ; 
but  to  find  such  an  animal  in  the  exudation  of  a  living 
vegetable,  is  scarcely  a  subject  of  curiosity.  It  is  in  another 
respect,  important  to  show,  that  such  remains,  if  most  fre- 
qaently  occurring  in  the  recent  resinous  exudations,  are  not 
limited  to  them;  since  collectors,  finding  themselves  deceived 
in  their  own  specimens,  might  perhaps  imagine  that  no  genuine 
instance  of  an  insect,  actually  preserved  in  amber,  exists. 

For  the  honor  of  dealers  in  specimens,  it  is,  however,  but  just 
to  remark,  that  the  difference  is  not,  or  at  least  not  generally, 
known  to  them ;  as  among  innumerable  specimens  exposed 
for  sale,  which  I  have  examined,  I  have  never  yet  found  any 
of  the  proprietors  aware  of  the  distinction.  Fabe  specimens 
seem,  at  any  rate,  to  be  true  in  their  eyes,  as  they  are  in  those 
of  the  purchasers.  A  very  perfect  state  of  preservation  in 
such  insects  as  may  be  surrounded  by  any  substance  re^ 
sembling  amber,  is  generally  a  justifiable  ground  of  suspicion 
respecting  the  nature  of  the  including  material.  It  rarely 
happens  tnat  those  insects  preserved  in  amber  are  perfect ; 
or  that  they  present  the  more  delicate  part  of  the  anatomy  of 
the  animal ;  the  wings  of  the  hymenopter,  for  example,  or 
their  delicate  legs. 

-  It  would  require  too  much  nicety  of  observation  for  an 
ordinary  naturalist,  perhaps  too  much  for  any  one,  to  decide 
on  the  recent  nature  of  the  including  resin  from  the  charac- 
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,  ters  of  the  insect  contained  in  it :  when  it  is  considered  how 
many,  insects  are  yet  unknown,  and  how  difficult  it  is  to  ex- 
amine tlie  enclosed  specimens  accuratelj.  Otherwise^  as 
there  is  abundant  reason,  from  the  analogj  of  other  animal 
remains  buried  in  alluvial  matter,  to  conclude  that  insects 
enclosed  in  amber,  have  bekmged  to  a  fimner  stale  of  the 
globe,  this  difficolty  mi^ht  be  solved  bj  the  entomdogical 
examination  of  the  species.  To  ascertain  the  true  nature  of 
the  including  material,  is  a  task  of  great  coo^^arative  facilitr ; 
and  it  is  always  sufficient  for  the  purpose  in  view ;  that  is,  for 
ascertaining  smiply,  whether  the  specimens  consist  of  amber, 
or  of  some  recent  resin  enclosing  animal  remains* 

Where  the  exudation  ia  sold  in  its  natural  state,  the  form  of 
the  lengthened  mass,  or  drop,  is  generally  a  sufficient  evidence 
of  its  real  nature ;  as  no  amber  is  ever  found  which  has  not 
undergone  some  loss  of  shape  from  mechanical  violence,  or 
other  causes,  connected  with  its  present  mineral  position. 

But  it  frequently  happens  that  this  test  becomes  <fi  no  use} 
as  the  specimens  are  often  cut  and  polished  into  such  forms 
« to  show  the  enclosed  insect  to  aidvantage.  Even  in  these 
cases,  howev^,  the  colour  and  appearance  of  the  resinous 
matter  which  encloses  the  insects,  are  always  somewluit  dil^ 
ferent  from  those  of  amber ;  or  they  are  always  at  least  such 
that  a  practised  eye  can  pronounce  on  the  genuine  specimen ; 
can  distinguish  between  reshi  and  amber.  A  paleness  of 
cofour  is  invariable  in  the  resm ;  and  if  amber  is  not  always 
of  a  full  yellowish  brown,  the  paler  varieties  have  a  pecuUar 
tinge  of  yellow  which  never  exists  in  the  resin ;  the  colour  of 
these  is  comparatively  watery,  thin,  and  feeble. 

The  strftung  character,  however,  to  a  practised  eye,  is  a 
peculiar  lustre  in  aanber,  which  is  wanting  in  the  rem; 
arising  probably  from  a  higher  refractive  density,  and  easily 
recognized  when  once  pouited  out  \  but  difficult  to  describe 
hi  words. 

To  those  to  whom  characters  of  a  nature  so  delicate  ars 
insufficient,  it  is  necessary  to  point  out  other  more  unaues- 
tionable  and  eauer  modes  a(  discriminating  the  two  wioioai 
iojtsring  the  specimens. 

It  k  proper,  in  the  first  place,  to  remark,  that  the  electrical 
fM^perty  is  not  a  sufficient  test ;  although  it  is  that  to  which 
an  appeal  is  cmnmonly  made.  The  resins,  like  amber,  are 
electrical  on  friction,  and  the  electricity  of  both  is  negative. 
Boi  on  strongly  rubbing  the  resins,  they  give  out  a  smell  qmte 
different  from  that  which  is  elicited  •mm  amber  ins  the  same 
circumstances.    To  describe  odours^  is  evidently  impossible ; 
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but  as  they  can  never  be  mistaken  for  each  other  when 
once  known,  it  will  be  necessary  for  the  collector  of  speci- 
mens to  render  himself  acqnamted  with  both ;  by  making  the 
necessary  experiments  on  genuine  specimens  of  common  am- 
ber, and  on  specimens  of  that  resm  which,  if  it  is  not  the 
substance  in  question,  agrees  with  it  in  its  ostensible  proper- 
ties, namely,  gum  animi,  as  it  is  commonly  called. 

It  would  obviously  be  easy  to  supply  chemical  tests  for  the 
purpose  of  making  this  distinction;  but  the  circumstances  under 
which  these  specimens  exist,  are  not  such  as  to  warrant  their 
destruction  for  this  purpose ;  and  to  ordinary  collectors,  any 
refined  or  minute  mode  of  chemical  examination  would  be 
useless.  The  only  easy  test  which  can  be  applied  without 
destroying  or  materially  injuring  a  specimen,  is  that  of  burn- 
ing. If  tne  doubtful  specimen  be  held  against  a  red-hot  iron, 
the  smell  of  the  smoke  which  is  produced,  is  always  |i  suffi- 
cient distinction  between  the  resins  and  amber ;  and  to  render 
this  test  of  easy  application,  the  collector  may  easily  famil- 
iarize himself  with  the  peculiar  smells  of  the  essential  oils, 
which,  with  very  slight  differences,  are  given  out  by  copal, 
gum  animi,  or  the  otner  recent  resinous  substances,  and  that 
of  the  oil  ojf  amber  which  is  produced  by  burning  this  mineral. 
.  To  this  ultimate  test,  therefore,  in  doubtful  cases,  the  col* 
lector  of  specimens  may  have  recourse ;  and  it  will  always 
be  sufficient  to  distinguish  from  genuine  specimens  of  insects 
enclosed  in  amber,  those  which  have  been  entan^ed  in  the 
recent  resinous  exudation  of  trees.  Haiiy's  difierences  be- 
tween copal  and  amber,  aheady  alltided  to,  and  which  is 
founded  on  the  different  manner  m  which  a  melted  drop  falls 
from  each,  is  neither  so  practical  nor  satisfactory. 

I  am  sorry  that  I  cannot  inform  your  readers  what  is  the 
real  nature  of  the  vegetable  resin  in  question,  which  is  com* 
monly  sold  for  amber  when  it  contains  insects.  It  has  not 
been  a  matter  of  observation  among  the  collectors  of  these 
specimens,  or  the  dealers  in  them,  mr  as  far  as  the  chemi- 
cal analysis  of  vegetable  compounds  has  yet  proceeded,  have 
we  acquired  any  means  of  ascei^taining  by  chemical  means, 
the  distinctions  among  these,  more  than  among  any  other 
vegetable  products,  of  which  the  general  and  ostensible  char- 
acters are  similar.  It  is,  however,  plain  that  it  is  not  copal,  at 
least  in  all  cases ;  but  it  bears,  as  already  insinuated,  a  striking 
resemblance  to  the  gum  known  by  the  name  of  gum  animi. 
That  such  insects  should  be  contained  in  more  resinous  exu- 
dations than  one  is  to  be  expected ;  and  if  those  who  are 
inclined  to  pursue  this  investigation  should  think  it  worth 
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their  trouble  to  make  the  necessarj  iaquuries  and  experi* 
ments,  it  will  probably  not  be  found  ver j  difficult  to.  ascertaui 
whether  these  specimens  are  limited  to  the  produce  of  manji 
trees,  or  to  that  of  one  only,  and  to  what  plant  they  actually 
belongs 

The  immediate  object  of  this  paper  is  included  in  the  fore* 
going  remarks;  but  the  fact  itself,  a&  £ajr  as  it  relates  to  the 
existence  of  insects  in  amber,  opens  a  different  field  of  inter- 
esting inquiry,  respecting  whicn,  unfortunately,  no  accurate 
information  will  probably  ever  be  obtained* 

Geological  observations,  recently  multiplied  to  a  moat  in^ 
teresting  degree,  have  proved,  that  besides  the  animals  im^ 
bedded  in  deep  seated  strata  of  solid  rock,  and  consisting  of 
marine  species,  numerous  remains  exist  in  alluvial  soils,  of 
quadrupeds  and  birds  whjph  have  once  inhabited  the  drji 
land  and  the  air,  and  of  amphibious  creatures  that  have  been 
bred  and  have  died  where  they  have  had  alternate  and  eaq^ 
access  to  the  shores  and  to  the  waters  of  lakes. 

It  ought  to  be  a  sufficient  proof  of  the  corresponding^  proba* 
bly  simultaneous,  existence  of  insects,  that  they  are  foimdf 
imbedded  in  amber;  the  only  mode  nearly  in  which, tliey 
could  have  been  preserved  for  the  examination  of  the  natu-« 
ralists  of  future  and  distant  ages,  though  some  of  the  aquatic, 
or  rather  aubaquatic,  winged  ones,  have  been  found  ia  the 
shahs  of  the  fresh-water  formations*  To  render  the  proof  ef 
distance  of  time  or  of  a  corresponding  era  complete,  it  is  onljp  * 
here  necessary  to  advert  to  that  which  is  ahreaay  well  known; 
namely,  that  amber  is  found  in  alluvial  soils  of  an  antiquity 
at  least  as  remote  as  that  which  marks  the  othen  alluvial  ^iw 
or  strata  in  which  such  remains  of  a  former  livmg  inhabited 
world  are  imbedded*  That  this. should  have  been  the  fact,, 
ift  too  probable  to  doubt,  even  if  such  proofs  did  not  exist. 
Whether  specimens:  sufficiently  numerous,  and  sufficiently  di»- 
tincty  may  ever  be  found  to  enable,  some  luture  Cuvier  in 
enUHnology  to  assign  the  genera  and  species  of  such  remains^ 
is  uncertain,  perhaps  it:  is  not  probable* 

Hitherto,  it  is  certain,  that  no  sufficient  attention  has  been 
paid  to  this  branch  of  subterrene  zoology^  to  the  entomologji 
of  a  former  world.  To  clear  the  way  to  this  investigation, 
by. guarding  a^inst  errer  in.  the.specimens,  is  a.humUe  step 
indeed.  Yet  to  have  called  the  attention  of  those  wlm  are 
versed  in  the  minutiae  of  entomology  to  such  a  subject,  will 
not  be.  deemed  officious  in  Usn  who  is  unable  to  lend  any 
further  asMStance  towards  that  object.  A  careful  examin** 
tion  of  specimens. may,  perhaps,  iiltimately  prove  that  more 
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is  reiHy  in  our  power  t^  we  now  suspect ;  and  it  is  not  quite 
unreasonable  to  hope  that  the  entomological  sagacity  of  a 
LatreiUe  may  hereafter  perform  for  fossu  entomology  that 
which  a  few  years  ago  would  have  appeared  equally  im* 
probable  in  the  history  of  extinct  quadrupeds. 

It  is  in  the  fresh-water  formations  chiefly  that  these  re- 
searches ought  to  be  made*  A  considerable  number  of  the 
coleoptera  inhabit  the  water  or  frequent  it ;  and  the  bodies 
and  wing-cases  of  these  are  of  such  durable  materials,  that 
we  might  expect  to  find  them  preserved  in  those  deposits  of 
mud,  or  sand,  or  calcareous  matter  which  afterwards  become 
the  sandstones,  shales,  and  limestones  of  these  deposits.  For 
analogous  reasons,  we  might  expect  to  find  insects  among  the 
coal  strata,  since  these  abo  are  of  terrestrial  or  fresh-water 
^gin ;  as  we  might  further  expect  to  discover  them  among 
the  lignites.  These  are  the  produce  of  ancient  forests  and 
peat  bogs ;  and  there  is  no  a^^arent  reason  why  some  of  the 
OK)re  durable  msects  might  not,  as  well  as  the  tender  shells, 
be  found  in  such  utuations.  But  nothing  will  be  found  unless 
it  is  sought  for. 

I  have  taken  it  for  granted,  throughout  this  paper,  that  the 
vegetable  origin  of  amber  is  admitted ;  improperly,  perhaps, 
ttid  ffft  that  reason,  it  will  not  be  irrelevant  to  add  a  few 
words  x>n  the  nature  of  the  evidence  on  which  this  opinion 
rests. 

The  etisteoce  of  such  animal  remains  in  any  undisputed 
CTNScimefis  of  amber,  ought  in  itself  to  be  a  sufficient  proof  of 
this  origin  for  the  whole.  It  is  impossible  to  conceive  that 
winged  insects  could  be  entangled  in  any  substance  of  this 
nature  under  any  other  circumstances;  while  their  actual 
existence  in  resins  now  exuding  from  living  vegetables,  serves 
to  explain  the  mode  in  whlcn  this  otherwise  inexplicable 
event  must  have  occurred. 

The  chemical  connexion  between  amber  and  the  existing 
resins,  must  also  be  proved,  if  that  be  thought  necessary  for 
strengthening  this  view,  by  such  analories  as  can  be  brought 
to  bear  on  it^  since  it  is  no  matter  for  direct  experiment. 

In  analyzing  chemically  the  vegetable  resins  which  most 
resemble  amber  in  their  general  character,  and  in  comparing 
these  results  with  those  obtained  from  the  analysis  of  amber, 
certain  important  differences  are  observed.  To  enter  into 
the  whole  of  these  would  exceed  the  bounds  I  have  here 
prescribed  for  this  paper.  It  is  sufficient  to  say,  that  the 
essential  or  volatile  oils*  obtained  from  all  the  resinous  sub- 
stances, possess  a  general  resemblance  to  that  obtained  from 
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common  rosin,  or  to  the  oil  of  turpentine ;  and  that  they  ex- 
hibit the  same  chemical  qualities  as  these  relate,  in  particu- 
lar very  conspicuously,  to  their  habitudes  with  alcohol  and 
ether,  and  especially  with  naphtha,  and  to  the  action  which 
they  exert  on  the  solid  resins  and  on  the  solid  bitumens. 

The  same  general  powers  and  properties  are  found  in  those 
essential  oils  which  are  produced  by  the  decomposition  of 
recent  vegetables  and  the  recombination  of  some  of  their 
elements ;  and  thus  a  general  character  is  found  to  pervade 
all  those  volatile  oils  which  are  the  produce  of  recent  vegeta- 
ble matter  under  whatever  form.  But  in  analyzing  in  the 
same  manner  and  reproducing  volatile  oils  from  vegetable 
remains,  which  have  been  so  long  and  so  deeply  buried  in 
certain  alluvial  soils  as  to  lead  us  \6  suppose  that  they  have 
belonged  to  a  pre-existent  state  of  the  surface  of  the  earth,  it 
is  found  that  these  are  essentially  different.  The  volatile 
oils  thus  produced,  approach  in  their  afimities  towards  those 
which  are  obtained  from  coal ;  or  from  a  substance,  of  which 
the  vegetable  origin  is  rather  generally  admitted  than  demon- 
strably proved.  They  are  all  varieties  of  naphtha,  under 
modifications  which,  having  fully  explained  them  in  other 
writings,  it  is  not  necessary  here  to  detail  again. 

Now  the  same  analogy  nolds  in  comparing  the  produce  of 
the  vegetable  resins  with  that  of  amber,  as  occurs  in  com- 
paring the  oil  of  recent  wood  with  that  of  jet,  and  more  par- 
ticularly with  that  of  coaU  It  is  here  unnecessary  to  enter 
into  the  minute  differences  in  these  cases.  The  oil  of  amber, 
in  all  its  most  important  characters,  resembles  naphtha ;  and 
thus  it  might,  a  priori^  be  suspected,  that  the  same  influence 
which  could  render  wood  in  tne  form  of  jet  (or  coal),  capable 
of  yielding  naphtha,  might,  under  analogous  circumstances, 
so  change  a  vegetable  resin  as  to  cause  it  also  to  yield  a 
species  of  naphtha  instead  of  the  resinous  essential  oil.  This 
probability,  of  the  change  of  vegetable  resin  into  amber  by 
long  submersion  in  alluvial  soils,  is  strengthened  by  other 
analagous  occurrences. 

In  the  submerged  wood  (brown  coal  of  Bovey)ya  substance 
is  found  so  intermediate  in  its  chemical  characters  between 
vegetable  resin  and  asphaltum,  that  Mr  Hatchett  has  given  it 
the  very  expressive  name  of  retinasphaltum.  It  appears  to 
be  a  vegetable  resin,  in  which  the  change  to  amber,  or  to 
some  analogous  substance,  is  as  yet  so  far  incomplete,  that  it 
retains  the  mixed  character  of  both.  The  same,  or  a  similar 
substance  has  been  found  in  other  alluvial  soils,  as,  for  exam- 
ple, in  the  London  clay  (of  Highgate  i)   and  my  analysis 
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proY^  this  to  be  of  the  same  chemical  nature*  In  these  in- 
stances, the  incomplete  change  from  resin  to  amber,  or  to  a 
substance,  at  least,  of  which  the  distilled  volatile  produce 
would  resemble  naphtha,*  or  the  mineral  essential  oil,  holds 
an  exact  parallel  to  certain  of  the  cases  in  which  the  process 
from  brown  coal,  in  the  common  vegetable  fibre  partially 
bituminized^  can  be  traced  down  to  perfect  coal,  or  to  a  sub- 
stance capable  of  yielding  naphtha  only  on  distillation. 

It  is  from  these  analogies  that  we  may  perhaps  safely  con- 
clude, that  amber  has  been  a  vegetable  resin  convertea  to  its 
present  state  during  the  same  time,  and  by  the  same  causes 
which  have  converted  common  vegetable  matter  into  jet,  and 
perhaps  ultimately  into  coaU 

That  it  is  found  in  the  same  alluvial  soils  with  j^t,  is  per- 
haps  too  feeble  an  argument  to  deserve  any  weight ;  but  it  is 
also  one  which  seems  superfluous.  Every  circumstance  which 
attends  amber  strongly  bespeaks  its  vegetable  oridn;  and 
nothing  proves  it  more  strikingly  than  that  which  tonus  the 
main  object  of  this  communication. 


Aet.  IX. — On  d^trent  Alhys  of  Potassium^  and  on  the  Injlamnuh 
Hon  of  Gunpowder  under  Water.  By  M.  Serullas.  {^From 
Ae  AimaUs  de  Chimie  el  de  Physique*'] 

Gunpowder  may  be  fired  under  water  by  means  of  an  ex- 
ploding mixture  of  charcoal  with  an  alloy  of  antimony  and 
potassium,  which  takes  fire  on  the  first  contact  with  water, 
and  will  instantly  communicate  it  to  the  powder.  This  mix- 
ture is  thus  prepared :  mix  by  careful  rubbing  100  grammes 
of  tartar-emetic  with  3  mmmes  of  lamp-black  or  common 
charcoal.  Select  crucibles  holding  75  to  80  grammes,  which 
most  not  be  more  than  three  quarters  filled,  make  the  upper 
edge  smooth,  and  rub  the  whole  inside  with  charcoal  powder, 
that  the  charred  mixture,  when  prepared,  may  not  adhere  to 
its  sides.  Put  some  of  the  materials  into  the  crucible,  cover 
it  with  charcoal  powder,  lute  on  the  cover,  and  close  every 
'  opening.  Heat  it  for  three  hours  in  a  good  reverberatory 
furnace,  then  set  it  by  for  six  hours  to  cool.  This  time  is 
required  to  allow  the  air,  which  always  penetrates  more  or 
less  into  the  crucible,  to  bum  the  exterior  layer  of  the  fulmi- 
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nating  mass,  for  it  is  withdrawn  too  soon,  if  it  alwajrs  takes 
fire  spontaneously.  Then  without  loss  of  time  enclose  the  cal« 
cined  mass,  without  breaking  it  up,  in  a  wlde-moutbed  vessel, 
where  it  gradually  ^lits  into  fragments  of  different  size^  and 
in  this  state  will  preserve  its  properties  for  years. 

When  the  calcination  has  bieen  well  performed,  the  product 
is  extremely  fulminating,  so  as  to  detonate  with  a  report  like 
fire-arms,  by  the  first  contact  of  water,  and  without  requiring 
any  compression.  Instead  of  tartar-emetic  and  lamp-black, 
die  following  mixture  may  be  used :  carbonize  cream  of  tartar 
by  roasting  it  in  an  open  crucible  till  it  has  lost  about  half  its 
weight ;  take  75  parts  of  this  charred  tartar,  100  parts  of 
regulus  of  antimony,  and  12  of  lamp-black,  and  mix  the  whole 
by  constant  rubbing.  Then  calcine  it  in  the  crucible  in  the 
way  above  described. 

With  this  fulminating  substance  it  is  easy  to  fire  gunpowder 
under  water.  The  experiment  was  made  in  the  following 
manner :  half  an  ounce  of  gunpowder  was  put  into  a  strong 
glass  tube  closed  at  one  end,  of  which  the  powder  filled  about 
one  quarter.  A  piece  of  the  fulminating  alloy  of  the  size  of 
a  pea,  was  laid  upon  the  powder.  The  tube  was  immediately 
closed  with  a  cork,  which  had  been  previously  perforated 
with  a  small  hole,  stopped  for  the  present  with  a  little  fat  lute, 
soft  enough  to  be  readily  pierced  with  a  sharp  pin  when 
required.  The  tube  thus  prepared,  was  then  sunk  m  a  large 
vessel  of  water  two  or  three  feet  deep,  and  was  confined  by 
weights  to  the  bottom.  Then  the  lute  stopping  the  perfora- 
tion of  the  cork  was  pierced  with  a  steel  wire  fixed  to  the  end 
of  a  long  stick,  and  the  moment  that  the  water  entered  the 
tube  the  powder  exploded,  breaking  the  tube,  and  throwing 
out  a  four  pound  weight  which  had  fixed  it  down. 

The  author  then  proceeds  to  describe  several  triple  alloys 
of  potassium  and  sodium  with  antimony  and  other  metals. 

7Vt/>/e  alloy  of  potassium,  copper^  and  an^momf* — This  is  pre* 
pared  by  melting  together  equal  parts  of  carbonized  tartar 
(already  described)  regulus  of  antimony,  and  copper  filmgs. 
First  rub  together  the  carbonized  tartar  and  antimony;  put 
it  into  a  crucible,  cover  it  with  the  copper  filings,  previously 
mixed  with  a  sixth  part  of  antimony  to  promote  its  fusion^ 
lute  on  the  cover,  and  heat  the  whole  for  two  hours  in  a  fur- 
nace that  draws  well.  This  alloy,  like  that  of  antimony  and 
copper  alone,  has  a  violet  tint.  It  will  divide  into  very  thin 
brilliant  plates,  which  flatten  a  little  under  the  hammer.  It  is 
volatile  in  the  fire.  Pieces  of  it  thrown  upon  mercury,  covered 
with  a  little  water,  turn  round  rapidly. 
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-'^''y  ^poiassiunL,  siher,  mnd  mUknomf^ — This  is  prepared 
like  the  preceding  alkj  i  k  it  more  velaliJe;  hs  eobur  is  a 
steel  grey,  and  it  has  UMich  lustre*  It  is  rery  brittle,  and 
contains  much  potassiua* 

JiOmf  i^  poUiukimj  irmty  and  anihmmm. — Put  at  the  bottoi» 
of  a  crucible  soae  kron  turaiBffs,  broken  to  small  fra^ents^ 
eover  it  with  eopial  part  of  earbonized  tartar  and  antimony, 
nreYiottsly  mixed,  melt  with  a  very  strong  keat,  and  you  wiU 
have  a  triple  alloy,  containing  rauch  potassium  am^  vtrj  hrit* 
lk»  A  triple  alloy  with  bismfutk  may  be  preparea  is  a 
similar  manner* 

AUsg  ofpoiauium  and  hiimuilu — Rub  together  6D  grammes 
of  carbo^xed  tartar,  120  of  bismjut(i,  and  one  of  nitre,  inckse 
the  mixfeore  ia  a  crucible,  covered  with  lamp-Uack,  close  it 
carefully,  and  heat  it  for  two  hours* 

This  aBo V  is  very  rich  in  potassium*  The  smallest  firagment 
gives  qiarkles  when  cut  with  shears*  As  soon  as  it  is  broken, 
it  melts  and  burns,  leaving  a  residae  of  a  greenish  oxyde* 

If  the  above  alloy  is  made  with  10  or  12  grammes  of  lamp- 
black or  charcoal  instead  of  the  nitre,  a  pyrophorus  is  ob* 
taiaed,  which  takes  fire  by  the  contact  of  water,  and  bursts 
with  small  explosions*  Jt  xiay  be  used  for  ktndiing  gun- 
powder under  water* 

Jin  aliojf  afpotttBiiumand  tm  is  made  ia  the  same  inanner  as 
the  preceding,  with  100  parts  of  oxyde  of  tin,  60  of  carbon- 
ised tartsur,  and  10  of  lamp>black*  A  double  dose  of  lamp 
black  gives  a  pyrophorus* 

An  allay  of  potassium  and  lead  is  produced  by  100  grammes 
of  proto:i^de  of  lead,  and  60  of  carbonized  tartar,  and  an  ad- 
dition of  5  to  6  grammes  of  lamp-black  gives  a  pyrophorus. 
M*  Serallas  remarks  in  the  preparation  of  these  (Merent 
alloys,  that  the  stratum  of  charcoal  put  over  them  to  protect 
them  from  the  action  of  the  air,  though  in  no  way  mixed  with 
them,  acquires  the  property  of  spontaneous  inflammation  in 
the  air.  Thia  he  can  only  attribute  to  the  presence  of  potas- 
sium Toladlized  during  the  fu»on,and  retained  by  the  charcoal* 
To  pursue  further  the  subject  of  the  separation  of  potassium 
from  its  allovs  by  heat,  the  following  experiment  was  made* 
A  gun-barrel  was  cut  nearly  in  halves,  the  longer  end,  which 
was  closed  by  the  breech  at  one  extremity,  was  filled  with  a 
mixture  of  50  grammes  of  carbonized  tartar,  70  of  litharge, 
and  2  of  lampblack.  The  barrel  was  curved  slightly  at  Uie 
open  extremity,  to  which  was  attached  the  recipient  of  Gay- 
Lussac  and  Thenard  for  the  preparation  of  potassium.  The 
barrel  was  then  thrust  perpendicularly  into  a  furnace  up  to 
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its  junction  with  the  recipient,  and  gradually  heated  nearly 
to  the  melting-point  of  the  iron  by  a  powerful  bellows.  The 
first  products  that  were  given  out  were,  as  usual,  water,  em* 

.  pyreumatic  oil,  and  yellow  vapour,  all  of  which  were  allowed 
to  escape  with  every  appearance  of  moisture,  before  the  second 
part  of  the  recipient  was  luted  on.  The  bent  tube  of  glass^ 
oy  which  the  latter  is  usually  elongated,  was  dipped  under 
a  cup  of  water.  After  the  fire  had  been  kept  up  for  two  hours, 
there  was  ft>  rapid  an  evolution  of  gas,  as  to  carry  out  with  it 
a  great  quantity  of  the  distilled  matter,  and  portions  of  potas- 
sium came  up  from  time  to  time,  and  burned  on  the  surface 
of  the  water  in  the  cup.  The  heat  was  continued  for  two 
hours  longer  with  great  intensity,  and  was  then  discontinued, 

'  though  the  evolution  of  gas  was  still  very  vigorous,  for  fear  of 
the  barrel  (which  was  not  defended  by  lute)  giving  way.  The 
apparatus  was  examined  as  soon  as  it  was  cold.  The  recipi- 
ent contained  nothing  but  a  few  fragments  of  the  matter  pro- 
jected by  the  torrent  of  gas.  Just  at  the  upper  extremity  of 
the  barrel  was  deposited  an  alloy  of  potassium  and  lead, 
which,  when  thrown  on  mercury  covered  with  a  little  water, 
burned  as  strongly  as  pure  potassium.  The  barrel  was  sawn 
asunder  at  about  three  incnes  from  the  end,  and  shewed  in 
this  point  and  near  it,  a  considerable  quantity  (7  or  8  grammes) 
of  potassium,  nearly  pure^  that  had  condensed  in  tnat  spot, 
and  lay  in  plates  above  the  alloy.  When  removed,  it  was 
melted  in  rectified  petroleum  to  purify  it,  but  a  violent  action 
took  place,  a  large  part  of  the  potassium  was  destroyed,  and 
only  a  few  beautiful  silver-white  globules  were  preserved. 
This  result  may  perhaps  lead  to  a  method  of  obtaining  a 
considerable  quantity  of  potassium,  through  the  medium  of 
alloys  with  the  more  fusible  of  the  fixed  metals. .  The  latter, 
as  M.  Yauquelin  has  observed,  facilitate  extremely  the  re- 
duction of  potash  by  charcoal,  uniting  in  the  process  with  as 
much  as  a  fifth  part  of  the  alkaline  metal,  or  even  more. 

In  certain  situations  the  alloy  of  bismuth  and  potassium 
ofiers  an  excellent  test  of  the  complete  desiccation  of  gas* 
All  that  is  required  is,  to  pass  up  a  small  fragment  of  the 
alloy  to  the  gas  confined  over  mercury,  when  the  least  mois- 
ture will  make  it  turn  round. 
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[The  foUowioeartiele  is  tr&nsUted  from  the  Revue  Eiicyelopedlqiie  for  July, 
1823,  pablisbed  at  Paris.  The  article  is  not  without  merit  as  a  specalation 
opon  the  subject  of  public  economy,  and  contains  some  suggestions  well 
worthy  of  attention  ;  but  we  ^e  it  to  our  readers  rather  as  a  specimen  of 
the  present  mode  of  thinking  m  France  upon  subjects  that  are  at  all  times 
ioteresting,  than  as  containiog  many  new  thoughts,  or  being  remarkable 
for  the  prcttoundness  and  extent  of  the  writer's  views.] 

Art.  X. — ^n  Inquiry  into  the  Naturt  and  Causes  of  the  Wealth 
of  Nations.  By  Adam  Siuth.  Translated  hu  the  late  Marquis 
Gamier.  Second  edition,  toiih  additional  Jsotes  and  Observa- 
lions.    Paris^  1822.     Six  vols.  Svo. 

Is  political  economy  a  moral  science,  or  a  science  of  mere 
calculation?*  The  writers  of  antiquity,  and  almost  all  the 
modem,  who  preceded  the  school  of  Quesnay,  treated  it  as  a 
moral  science.  According  to  them,  it  is  a  knowledge  of  the 
principles  upon  which  social  order  and  prosperity  depend, 
that  of  the  resources  of  society,  and  the  means  of  employing 
those  resources  for  the  advantage  of  the  state,  at  home  and 
abroad.  Among  the  ancients,  Aristotle,  Xenophon,  and  Plato, 
wrote  in  this  sense;  and  Fenelon,  Montesquieu,  and  J.  J. 
Rousseau,  among  ourselves.  Quesnay  and  his  school  were 
the  first  who  supposed  they  had  discovered  the  foundation  of 
political  economy  in  material  objects,  and  who  reduced  this 
science  to  one  of  mere  calculation.  According  to  their  specu- 
lations, all  political  economy  is  nothing  but  a  knowledge  of 
what  they  denominate  net  product,  and  of  its  effects.  Land, 
they  say,  yields  to  its  proprietor  a  surplus  over  and  above 
the  expenses  of  cultivation  and  the  profits  of  the  tenant.  It 
is  this  rent  that  constitutes  the  public  riches,  and  to  augment 
which  should  be  the  care  of  the  government.  The  whole  sys- ' 
tern  of  economy  rests  upon  this  assumed  fact.  Enlightened 
men  of  unquestionable  talent,  Turgot,  Dupont  de  Nemours, 
the  abbe  Morellet,  have  all,  in  a  greater  or  less  decree,  main- 
tained this  doctrine.  The  translator  of  Smith,  whose  work 
we  announce,  belongs  to  this  celebrated  school  of  French 
economists.  The  part  of  this  book  written  by  him,  every 
where  proves  how  much  he  has  adhered  to  the  notions  of  this 
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school,  even  when  he  thought  himself  departing  from  them. 
It  has  been  the  object  of  this  school  to  inquire  into  the  origin 
and  nature  of  ricAes,  and  they  have  -occupied  themselves 
especially,  respecting  the  preservation  and  increase  of  riches, 
upon  which  they  suppose  the  whole  social  economy  to  depend. 
Among  the  ancients,  also,  Aristotle,  that  scientific  genius,  so 
skilful  in  distinguishing  and  classing  the  subjects  of  human 
knowledge,  had  conceived,  as  an  object  worthy  of  particular 
attention,  an  inquiry  into  the  sources  of  wealth  and  the  causes 
of  its  progress.  'Inis  he  made  a  science,  which  he  called  the 
chreniatistic  science,  or  chrysology  (the  science  of  riches)  ;  but, 
in  his  view,  it  was  only  a  branch  of  the  pyblic  economy;  a 
collection  of  facts  and  observations  calculated  to  throw  light 
upon  the  admirable  economy  of  human  societies.  The  ancient 
pnilosophcr  or  the  modern  thinkers ;  which  have  the  more 
just  notions  upon  this  subject  ?* 


^Tbe  writer  cannot  intend  to  be  understood  that  Smith  or  the  other 
economists  of  bis  school,  supposed  that  the  polifical  instituttons,  relijnon, 
iQoralSi  aud  manners  of  a  people,  are  not  of  the  greatest  importance.  They 
understood  poriticnl  economy  to  be  a  science  relating  to  the  prodactioni 
distribution,  and  consumption  of  wealtii.  The. writer  admits  that  these  are 
proper  subjects  of  a  distinct  science,  for  which  he  borrows  the  name  of 
chrysology  from  Aristotle.  But  whether  this  science  is  designated  by  one 
or  the  other  of  these  names,  is  of  very  little  importance,  and  since  it  has 
been  lenown  under  the  name  of  political  economy  for  so  lone  a  time,  and 
has  been  Introduced  into  all  the  treatise^  and  speculations  of  authors  and 
politicians,  under  this  name,  it  is  certainly  convenient  to  continue  the  use 
of  the  expression  in  the  same  sense. 

But  though  we  should  continue  to  call  the  science  of  national  wealth, 
political  economy  J  it  may  still  be  a  question  how  far  this  subject  is  con- 
nected with  political  and  religious  inAitulions,  morals,  and  manners  \  and 
we  agree  with  the  writer  of  the  above  article,  that  Smith,  Say,  Malthus, 
Ricarao,  and  the  other  writers  upon  this  subject,  who  are  now  the  most  read 
and  most  frequently  cited,  have,  in  this  respect,  taken  limited  views.  The' 
political  and  religious  institutions,  the  customsj  habits,  morals,  manners,  and 
o|)inions  of  a  peciple,  not  only  constitute  their  national  character,  and  del^r* 
mine  their  jprosperity,  happiness,  and  power,  but  produce  these  effects  partly 
by  their  influence  on  the  productive  faculties  of  the  tiation.  As  far  as  they 
have  this  influence,  they  are  strictly  subjects  belonging  to  the  science  of  poli- 
tical economy,  in  the  present  acceptation  of  the  expression.  The  modes  of 
industry  and  the  degree  of  national  wealth,  again,  have  a  |^eat  influence 
upon  the  institutions,  morals,  manners,  and  happiness  of  a  people,  and  to 
the  extent  of  this  influence,  these  last  are  subjects  properly  coming  within 
the  science  of  public  economy.  The  desideratum,  in  this  science,  is,  to  point 
out  and  demonstrate  these  influences,  as  Adam  Smith  has  explained  and 
elucidated  the  processes  of  production.  It  is  not  enough  that  a  writer  treats 
of  economy  and  politics  in  the  same  book,  like  Aristotle,  Stewart,  and  a 
hundred  others.  A  work  is  still  wanting  that  shall  mote  systematically 
and  scientifically  trace  the  connexion  of  different  modes  of  production  and 
consumption,  and  different  degrees  of  national  wealth,  with  tlie  well-being 
and  lasting  happiness  of  the  great  body  of  a  community.   That  this  connexion 
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At  tl^  saqie  time  with  the  French  economists,  an  English 
writer  occupied  himself  in  examining  to  the  bottom  the  loun- 
dations  of  political  economy.  A  man  of  a  capacious  and 
inquisitive  mind,  and  extensive  knowledge,  James  Stewart, 
held  in  too  little  estiination  hitherto  in  \  ranee,  and  even  in 
his  own  country,  has  more  profoundly  comprehended,  than  had 
been  done  before,  and  .perhaps,  than  has  been  done  since,  all 
the  importance  and  difficulties  of  his  subject*  He  has  with 
great  perspicacity  seized  the  whole  subject,  its  diverse  parts, 
their  relatioiis  to  each  other,  and  to  the  whole*  He  saw,  in 
the  production  of  riches,  only  the  means  of  furnishing  subsis- 
tence, and  promoting  the  physical  welfare  and  prosperity  of 
a  nation.  But  he  perceived,  at  the  same  time,  the  great  in- 
fluence which  the  climate,  the  nature  and  situation  of  the  soil, 
and  religious,  political,  and  civil  institutions,  necessarily  ex*> 
erdse  over  the  production  and  progress  of  wealth.  Wishing 
'  to  determine  to  what  degree  and  in  what  manner  each  of  the 
elements  of  social  order  acted  upon  human  industry,  and 
again  felt  its  reaction,  he  was  the  first  to  point  out  the  vast 
variety  of  results  which  distinguish  the  industry  of  the  ancients 
from  that  of  the  modems,  in  assigning,  for  the  cause  of  this  wide 
difference,  the  fundamental  opposition  between,  the  domestic 
state. of  ancient  societies,  in  wnich  labour  was  essentially  the 
task  of  slaves,  and  that  of  our  societies,  which  depend  upon 
the  labour  of  freemen.  This  was  diffusing  new  light  upon  the 
study  of  history  and  of  political  economy.  This  reformer, 
convinced  that  the  advancement  of  industiy  has  for  its  object 
the  social  order,  and,  of  consequence,  the  subsistence,  and 
then  the  welfare  and  comfort  of  a  people  taken  en  masse^ 
could  not  fail  to  encounter  the  problem  which  has  for  its  ob- 


and  iofloence  exist,  no  eeonombt  or  politician  is  ignorant,  but  that  ihey  have 
been  as  yet  bat  imperfectly  explained,  is  sufficiently  shewn  by  the  loose, 
crude,  aod  conflicting  notions  daily  thrown  out  by  the  most  accomplished 
statesmen  and  the  most  profound  thinkers.  Perhaps  these  relations  are  too 
complicated  ever  to  be  rally  disentangled,  and  the  consequences  too  remote, 
and  too  mncb  blended  together,  to  be  ever  distinctly  trac^  to  their  causes. 
If  the  qnestion  is  proposed,  whether  any  particular  nation  is  likely,  without 
the  intervention  of  any  extraordinary  and  unforseen  events,  fo  be,~in  the 
aareg;ate,  more  wealthy,  ten  years  hence,  than  it  is  at  present,  many  persons 
will  he  al>le  to  give  an  answer  founded  upon  reasons  that  may  be  pretty 
satisfactory  to  others;  but  If  the  question  be  proposed,  whether  the  probabfo 
increase  or  diminution  of  the  national  wealth;  will  render  the  condition  of 
the  great  maee  of  the  community  more  or  less  desirable,  very  few  will  be 
able  to  give  an  answer  that  shall  be  satisfactory  even  to  themselves.  In 
this  respect  we  are  always  rushing  for^vard  to  a  scene  enveloped  in  darkness, 
and  the  writer  who  shall  do  something  towards  dispelling  the  cloud,  will 
have  a  better  title  than  Smith,  to  the  gratitude  of  mankind* 
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ject  the  easy  subsistence  of  a  population  always  increasing. 
Accordingly  none  of  the  difficulties,  which  have  since  sug- 
gested to  Mr  Malthus  the  idea  of  his  gloomy  paradox  con- 
cerning the  necessity  of  misery,  had  escaped  the  sagacity  of 
his  predecessor.  Bat  when  he  attempted  to  analyze  the 
causes  of  the  outward,  physical  prosperity  of-  states ;  the 
means  whereby  wealth  is  created,  increased,  and  distributed ; 
he  wandered,  and  became  confused. 

While  Stewart  was  losing  himself  in  an  inextricable  laby- 
rinth, one  of  his  countrymen,  more  fortunate,  had  found 
Ariadne's  clue.  Adam  Smith,  confining  himself  to  the  study 
of  the  series  of  operations  and  combinations  which  concur  to 
the  production,  the  increase,  and  the  distribution  of  wealth, 
brought  to  this  inquiry  all  the  resources  of  a  subtle  artd 
penetrating  mind,  and  all  the  force  and  perseverance  of  a 
genius  emment  for  its  powers  of  analyzing.  He  soon  suc- 
ceeded in  detecting  all  the  springs  of  thfe  ingenious  mechan- 
ism ;  he  explained  the  multipliea  relations  and  connexions  of 
the  complicated  processes,  by  means  of  which  the  so  various 
operations  of  industry  contribute  to  form  the  wealth  of  indi- 
viduals ;  the  aggregate  of  which  constitutes  the  public  wealth. 
To  this  subtle  and  profound  inquirer  belongs  the  glory  of 
having  created  the  chrysology  of  Aristotle,  since  he  was  the 
first  to  discover  and  explain  the  laws  which  industry  naturally 
follows,  in  all  its  branches,  to  arrive  at  its  end.  He  has  done 
for  this  science,  what  Newton,  his  countryman,  had  before 
done  for  astronomy.  Kepler  had  marked  out,  or  rather 
pointed  out,  the  route  to  Newton :  Quesnay  and  those  of  his 
school,  opened  the  route  which  Smith  has  explored.  Turgot 
had  made  many  of  the  same  discoveries  which  have  immor- 
talized Smith,  as  Leibnitz  invented  the  differential  calculus 
that  had  been  already  invented  by  Newton.  The  short,  but 
very  substantial  tract,  of  Turgot,  concerning  the  Formation  and 
Distribution  of  Riches^  and  the  precious  fragment  he  has  left^ 
upon  the  Theory  of  Values^  had  been  written  before  the  publi- 
cation of  Smith's  work.  The  abbe  Morellct,  and  Genovesi, 
had  also  published,  before  the  Scotch  philosopher,  the  one 
his  excellent  treatise  upon  Industry  and  Vommerce^  but  at  that 
time  under  the  humble  title  of  A  Prospectus  for  a  Commercial 
Encyclopedia^  the  other,  his  book  upon  Civil  Economy.  But  it 
appears  beyond  doubt  that  Smith  had  taught  his  chrysological 
doctrine  at  Edinburgh  for  ti^enty  years,  when  he  decided  to 
reveal  it  to  the  public.  It  may  be  added,  also,  that  the  Wealth 
of  Nations  is  the  first  work  in  which  this  doctrine  was  ex- 
pounded in  detail,  and  in  a  complete  manner.    Although  this 
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work  waots  order  and  method  in  its  distribution,  all  the  im- 
portant questions  are  discussed  in  it ;  and  as  M.  Sa3^  fully 
proves,  a  man  of  a  methodical  mind  easily  finds  in  it  an  entire 
series  of  facts  and  ideas,  of  which  he  is  not  at  the  trouble  of 
resuming  the  thread  at  intervals.  Smith  is  then  undoubtedly 
the  person  to  whom  we  owe  the  discovery  of  the  general  facts 
which  serve  as  the  basis  of  chrysology,  and  the  clear  and 
complete  deduction  of  their  results. 

If  Xenophon,  more  than  two  thousand  years  ago,  intimated 
the  effects  of  a  division  of  labour,  Smith  first  demonstrated 
those  effects,  and  pointed  out,  in  the  labour  of  freemen,  the 
principal  and  peculiar  agent,  which  creates,  augments,  and 
distributes  the  treasures  of  the  world,  and  measures  their 
value.  Add  to  these  two  elementary  facts,  the  subject  of  eX- 
change,  the  facilities  for  which  constitute  the  commercial  and 
productive  value  of  exchangeable  subjects;  the  extent  of 
demand,  or  the  competition  of  a  greater  or  less  number  of 
purchasers,  considered  as  regulating  the  price  of  vendible  sub- 
jects ;  wages,  profits,  and  rent,  into  which  the  price  of  products 
IS  naturally  distributed ;  savings,  the  accumulation  of  which 
forms  and  augments  capitals ;  money  or  the  precious  metals, 
regarded  in  different  cnaracters,  as  having  an  exchangeable  . 
value,  and  also  representing  the  value  of  all  other  things ;  the 
distinction  between  the  real  and  nominal  price  of  commodi- 
ties, that  is  to  say,  the  quantity  of  labour  which  a  commodity 
actually  costs,  and  its  accidental  value ;  the  distributive  and 
moveable  capitals  of  industry ;  and,  finallv,  the  measure  of 
wages  or  of  labour  by  the  mean  price  of  wheat,  and  the  esti- 
mation of  all  exchangeable  values  according  to  this  mean 
price,  adopted  as  representing. that  of  a  day's  labour, — and 
you  will  have  brougnt  together  all  the  leading  facts  of  which 
Smith  has  made  use  to  explain  clearly  the  mechanism  and 
wonders  of  industry. 

The  doctrine  of  this  celebrated  man,  founded  on  observa- 
tions no  less  judicious  than  exact,  and  upon  facts,  of  which 
the  truth  and  the  mutual  connexion  were  evident,  became  in 
a  short  time  that  of  all  enlightehed  men  of  every  country.  It 
has  been  taught  in  England,  France,  Germany,  and  Italy* 
While  men  of  merely  good  sense  can  find  in  it  only  numbers 
and  dry  calculations,  men  of  true  genius  or  of  superior  talent, 
such  as  the  historian  of  the  Swiss,  John  de  Muller,  and  the 
author  of  the  Sketches  of  the  Revolutions  of  Europe  since 
the  Fifteenth  Century,  M.  Frederick  Ancillon,  derive  from  it 
new  light  upon  the  history  of  the  great  families  of  the  human 
race.     The  science  of  the  physical  prosperity  of  society,  is,^ 
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indeed,  all  to  be  found  in  Smithes  work.  But  can  one  dis- 
cover in  it  the  means  of  their  moral  prosperity  ?  Can  he  find 
there  the  principles  of  ordei",  harmony,  ana  vitalitj,  upon 
which  depend  their  preservation  and  power  ?  We  do  not  be- 
lieve that  he  can.  The  author,  absorbed  in  an  inquiry  into 
the  principles  of  wealth,  has  touched  lightly,  and  in  a  very 
imperfect  manner,  upon  some  considerations  of  a  more  ele- 
vated kind ;  and  these  excursions  beyond  his  limits,  have  not 
always  been  fortunate.  His  views  on  the  moral  part  of 
political  economy  are  obscure,  and  not  very  wide.  He  seems 
to  give  one  to  understand  that,  provided  the  national  faculties 
for  industry  are  freely  ileveloped,  all  the  rest  will  follow  of 
course,  and  proceed  well  enough ;  as  if  the  activity  of  these 
faculties  did  not  at  .all  depend  upon  the  concurrence  of  all  the 
circumstances  and  all  the  institutions' which  impress  a  char- 
acter upon  a  people,  and  give  it  a  direction.  Much  depends, 
no  douDt,  upon  the  development  of  the  powers  of  industry. 
But  this  development  does  not  of  itself  do  every  thing,  nor  is 
it  every  thing.  Carthage  had  greater  powers  of  industry  than 
Rome;  it  was  more  wealthy  than  Kome;  and  it  yielded. 
The  case  was  the  same  of  Athens  struggling  against  Lacedae- 
mon,  and  of  Tyre  contending  against  Alexander.  Without  the 
energy  and  genius  of  the  Prince  of  Orange,  Holland,  so  rich, 
would  have  yielded  under  the  ascendancy  of  Louis  XIV.,  and 
become  a  province  of  France.  Can  it  be  supposed  that  in- 
dustry would  have  spread  so  many  miracles  over  the  soil  of 
Albion,  and  under  the  canvass  of  her  shipping,  had  not  the 
genius  of  liberty  inspired  her  sons  with  devotion  to  the  insti- 
tutions and  laws  which  have  founded,  and  which  preserve, 
the  order  and  prosperity  of  their  country  ?  Ceres  and  Minerva 
are  legislators,  witnout  doubt ;  but  these  divinities  do  not  dis- 
pense their  bounties,  except  to  those  who  know  how  to  honour 
the  gods,  and  comply  with  their  oracles. 

In  limiting  ourselves  to  the  study  of  chrysology  or  the  sci- 
ence of  wealth ;  in  obliging  ourselves  to  make  the  whole  social 
order  depend  upon  it ;  have  we  not,  of  late,  in  England  and 
France,  given  a  false  direction  to  political  economy  ?  Is  it  not 
more  just  and  true  to  consider  it  a  moral  science  ?  Unques- 
tionably the  trunk  and  roots  of  the  tree  consist  in  the  existing 
institutions,  morals,  and  laws.  Chrysology,  the  prodigies  of 
industry  and  commerce,  supply  sap  to  the  tree,  and  it  is  by 
means  of  these  that  it  spreaas  tBe  luxuriance  of  its  branches. 

Without  a  knowledge  of  the  natural  relations  between  the 
elements  of  which  the  political  enconomy  of  a  state  is  com- 
posed, the  public  prosperity,  oftener  apparent  than  real,  is 
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precarious  and  delusive*    This  has  been  felt  bj  superior 
undersiandings.     One  may  see  in  (he  writings  of  M.  Say,  that 
this  truth  has  presented  itself  more  than  once  to  his  thoughts; 
It  has  dictated  to  an  author,  whom  we  have  already  cited, 
M.  F.  AnciUon,  reflections  full  of  wisdom,  which  occur  in  his 
\^^  philosophical  essays*    |n  Germany,  it  has  suggested  to  the 
Count  of  Soden,.  extended  views  on  the  subject  of  national 
economy ;  to  M.  Lueder,  a  celebrated  economist,  ingenious 
doubts  concerning  the  truth  of  the  systems  which  preside 
over  modem  economy ;  it  has  suggested  to  the  historian  of 
the  Italian  republics,  Mp  Sismondi,  grave  objections  to  the 
application  of  the  chrysological  maxims  to  government  and 
its  administration,  and  attempts,  more  or  less  successful,  to 
reestablish  the  legitimate  empire  of  the  moral  economy  of 
communities,  over  their  economy  in  respect  to  material  ob- 
jects*   One  may  say,  indeed,  that  it  is  the  natural  harmony 
between  these  two  sciences,  which,  in  truth,  constitutes  politi- 
cal economy.    Smith  concerns  himself  very  iittle  about  these 
relations.    In  this  respect  his  ideas  were  very  imperfect. 
But  to  attempt  to  consider  those  sciences  as  insulated,  the  one 
from  the  other;  to  study  each  one  apart,  not  regarding  the 
relations  that  naturally  and  necessarily  belong  to*  questions  of 
this  sort ;  or  to  make  one  of  them  wholly  subordinate  to  the 
other;  is  to  fall  into  the  error  of  the  materialists  and  the 
idealists,  who  think  they  are  able  to  understand  man  by 
studying  his  physical  organization  onlv,  or  •nly  psychology, 
taking  into  view  but  one  of  the  two  conditions  of  our  existence ; 
and  above  all,  in  considering  the  spiritual  element  as  an  abject 
slave.     Hence  the  paradoxes  and  errors  of  some  of  the  Eng- 
lish economists,  whose  knowledge  and  talents  have,  in  other 
respects,  illustrated  many  important  questions.     Malthus, 
Buchanan,  and  Ricardo,  especially  this  last  calculator,  have 
often  ^rred  in  departing  from  Smith's  doctrine,  which  has 
been  defended  with  so  much  ability  by  his  translator.    And 
what  has  caused  their  errors,  is,  their  carrying  the  disregard 
to  moral  principles  and  considerations  much  ikrther,  in  tneir 
writings,  than  the  celebrated  professor  of  Edinburgh  has 
done.    They  have  thus  carried  to  an  extreme  his  economi*. 
cal  materialism. 

B\4t,  though  Smith  has  not  extended  his  speculations  to  all 
the  ideas  of  a  more  elevated  kind,  that  are  connected  with 
his  subject,  one  great  and  noble  thought  hoVers  about  every 
part  of  his  work,  and  gives  a  dignity  and  elevation  to  his 
thinking.  His  whole  work  seems  to  be  conceived  for  the 
purpose  of  inviting  human  industry  to  freedom,  sounding  in 
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the  cars  of  the  people  and  those  who  administer  their  govern- 
ments, the  maxmi,  "  that  their  prosperity  depends  upon  giving 
the  greatest  latitude  to  freedom  ana  competition  of  industry ;" 
a  maxim,  of  which  accidental  circumstances,  national  rival* 
ships,  and,  still  more,  blind  passions,  often  make  the  appli- 
cation very  difficult ;  but  it  is  not  the. less  the  part  of  genius 
to  proclaim  it ;  and  the  interests  of  the  moment  ought  never 
to  make  men  overlook  its  importance,  even  when  they  depart 
from  it.  To  dispute  that  the  full  development  of  the  facul- 
ties for  production,  depends  upon  freedom  of  industry,  and  t^ 
attack  Smith  in  this  point,  is  to  deny  the  light  and  heat  of  the 
sun.  Those  who  insist  upon  exceptions,  limitations,  and  pro- 
hibitions, must  place  themselves  upon  some  other  ground,  and 
•call  in  the  aid  of  some  more  pressing  interests. 

Thus,  notwithstanding  the  importance  of  labour  and  its 
efforts,  and  although  the  unrestrained  enterprises  of  indus- 
try are  among  the  most  effectual  means  of  good  order  and 
prosperity,  it  must  be  admitted  that  the  mterests  of  men 
united  in  society,  are  too  complicated  to  require  but  one  so 
simple  a  principle,  to  serve  as  a  compass  and  director.  It 
is  necessary  then,  after  the  example  of  M.  de  Soden,  to  re- 
mind nations  that  their  motive  to  activity,  ought  to  be,  not 
a  passion  for  indulgence  and  riches,  but  a  devotion  to  the 
good  order  and  happiness  of  their  country,  of  which  zeal 
/or  the  laws  and  national  honour,  inseparable  from  all  moral 
habits  and  sentiment^,  is  the  first  and  surest  guaranty. 
This  devotion  and  this  zeal  are,  in  respect  to  societies  as  in 
respect  to  individuals,  the  best  inspiration  and  noblest 
guides.  In  respect  to  one  as  well  as  the  other,  a  persever- 
ing and  enlightened,  industry  is  the  pledge  of  success,  as  a 
blind  cupidity  is  a  cause  of  dissolution  and  ruin.  The  vir- 
tue of  a  people^  indeed,  like  that  of  individuals,  often  de- 
mands privations  and  sacrifices ;  but  it  is  to  an  enligbtened 
feeling  of  the  general  interest,  and  to  this  feeling  alone,  that 
it  appertains  to  dictate  and  impose  them.  In  great  strug- 
gles, this  rapid  light  directs  an  energetic  people.  It  was 
this  light  which  in  former  times,  guided  the  Athenians,  when, 
on  board  their  vessels,  they  sought  the  liberty  of  ancient 
Greece:  it  was  this  light  whicn  since  illumined  Venice, 
when  she  lavished  her  wealth  and  her  troops,  to  resist  the 
league  of  princes  armed  against  her ;  Holland  and  North 
America,  when  they  hazarded  the  blood  and  treasure  of 
their  people,  to  free  themselves,  the  one  from  the  tyranny 
^i  Philip  II,  the  other  from  the  English  yoke,      a 
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These  struggles,  in  which  the  honor  and  independence  of 
a  nation  are  in  question,  are  not  the  only  occasions  that  d^ 
mand  sacrifices.    They  may  be  also  required  in  time  af 
peace  and  in  the  bosom  of  an  apparent  prosperity,  by  the  first 
requisites  among  a  people,  the  maintatnance  of  the  order, 
harmony,  and  welfare  ot  the  greatest  number*    The  specu- 
lations and  enterprises  of  industry  of  every  sort,  are  not  in- 
deed always  favorable.    The  accumulation  of  wealth ;   the 
concentration  of  capital  and  property  in  the  hands  of  a 
number  of  possessors,  tending  to  be  more  and  more  circum- 
scribed every  day ;  the  efibrts  of  inventive  powers,  whose 
ingenious  combinations  are  continually  usurping  upon  labour, 
that  patrimony  of  the  workman,  by  substituting  mechanical 
force  for  his  strength  and  skill ;  the  disastrous  wars  too  fre- 
quently brought  on  by  commercial  interests  and  rivalships; 
the  enormous  mass  of  debts  which  they  accumulate,  the 
weight  of  which  alwavs  falls,  in  imposts,  upon  the  multitude 
whom  it  oppresses ;  all  these  effects  of  industry  carried  to  too 
high  a  degree,  and  serving  as  its  only  objects,  are  not,  what- 
ever Mr  Hicardo  and  his  school  may  say,  any  more  the 
causes  of  prosperity,  than  a  tumour  and  inifammation  are  the 
signs  of  health.    The  idea  that  a  nation  may  be  disinher- 
ited of  its  soil  and  the  labour  of  its  ancestors,  and  end  in 
being  reduced  to  a  single  individual,  this  idea,  the  final  con- 
sequence of  economical  materialism,  proves  bow  far  men 
may  be  led  astray  by  a  predilection  for  a  svstem.    Those 
who  utter  this  impiety  in  political  economy,  do  not  pefceive 
that  they  arrive,  by  a  different  route,  to  the  point  from 
whence  the  apologists  of  slavery  set  out,  when,  in  the  name 
of  the  Deity,  they  make  the  people  slaves  to  privileged  or- 
ders, or  to  one  man.    When  men  yield  to  the  empire  of 
these  vicious  influences,  a  country  finishes  by  dispeopling 
itself;  the  people  plundered,  and  no  longer  having  any  in- 
terest in  the  community,  abandon  themselves,  and  are  struck 
off  firom  the  list  of  nations.    Thus  has  the  south  of  Italr 
been  depopulated,  under  the  sceptre  of  the  Romans  both 
ancient  and  modem ;  when  the  military  industry  of  ancient 
Rome  had  concentrated  the  lands  of  the  country  and  the 
capital  in  the  hands  of  a  few,  this  so  fertile  ^country,  con- 
verted into  vast  ^dens  and  pleasure  houses,  soon  became 
the  prey  of  baniarians.    Thus,  under  the  pontificial  reign, 
the  Roman  territory,  divided  into  villas  and  pastures,  is  aK 
most  destitute  of  inhabitants,  and  open  to  the  first  occupant. 
A  similar  dectine  would  draw  opulent  England  to  its  ruin, 
did  not  the  strength  of  its  religious,  moral,  and  political  in- 
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stitutions,  and  an  ardent  and  enlightened  love  of  country, 
which  combines  all  the  citizens  for  the  public  good,  oppose 
to  this  danger  the  counsels  of  a  lofty  wisdom.  The  devo- 
tion of  the  people  to  the  institutions  which  are  their  safe-s 
guard,  and  to  their  country  which  is  dear  to  them  all,  serves 
as  a  counterpoise  to  tne  power  of  unbrided  passions, 
which,  swallowing  up,  in  imagination,  the  wealth  of  the 
whole  world,  would  rapidly  precipitate  the  state  towards  its 
decline,  in  constantly  absorbing  the  small  estates,  and  dry- 
ing up  the  channels  of  property  and  labour.  Have  we  not 
seen,  indeed,  in  that  country,  a  sort  of  overstraining  of  the 
powers  of  industry,  bring  forth  wars,  and  debts  and  taxes, 
accumulated  with  an  alanning  progress?  Have  we  not 
seen  all  causes  combined  to  ennance,  incessantly,  the  prices 
of  articles  in  common  use,  and  consequently  occasion,  on 
the  one  hand,  the  progressive  rise  of  wages ;  while,  on  the 
other,  the  same  causes,  seconded  by  the  indefinite  multipli- 
cation of  working  automata,  •pposes  this  rise,  and  tends, 
unremittingly,  on  Che  contrary,  to  reduce  the  wages  of  man- 
ual labour,  and  every  where  favours  the  conlinuarl  struggle 
against  foreign  industry,  by  the  low  sale  of  products*  We 
see  also  contmually  increasing  wants  redouble  the  activity 
excited  by  the  love  of  wealth,  and  multiply  the  subjects  of 
traiBc  beyond  the  demand.  Hence  the  ruinous  dispropor- 
tion between  the  amount  of  products,  and  the  consumption, 
such  as  was  manifested  by  the  overstocjking  of  the  marxet  of 
'Brazil,  when  its  ports  were*  encumbered  with  goods.  Have 
not  these  causes,  with  others,  brought  on  the  distresses  of 
agriculture  ?  The  wheat  of  domestic  growth,  being  over- 
loaded with  the  taxes  which  oppress  the  cultivators,  and  not 
able  to  sustain  a  competition  with  foreign  grain ;  has  it  not 
been  necessary  to  grant  to  the  English  farmers  a  premiumr- 
against  imported  grain,  at  the  expense  of  the  British  con- 
sumers? In  the  mean  time,  while  all  these  causes  have 
concurred  with  the  too  great  concentration  of  property  in 
the  hands  of  a  few,  to  increase  incessantly  the  multitude  of 
those  who  have  no  other  resources  than  their  hands  and  in- 
dustry; and  while  the  employment  of  these  resources  has 
been  daily  becoming  more  difficult  to  them,  and.  less  pro- 
ductive ;  we  have  seen  executed  in  England  in  the  name  of 
the  laws  and  without  difficulty,  a  measure  analogous  to  the 
agrarian  law,  an  object  of  sp  much  dread  to  the  patricians 
of  Rome,  and  the  proposing  of  which  always  produced  so 

freat  disorder  knd  troubles.    It  is  true,  they  do  not  in  Great 
Britain  freely  distribute  lands  to  the  multitude  of  unhappy 
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persons  whom  the  progressive  concentration  of  capital  has 
dispossessed  and  reduced  to  inadequate  wages;  but  the 
property-holders  have  consented,  for  the  sake  of  public 
tranquillity,  to  share  their  incomes  with  the  disinherited  muU 
titude.  This  legal  apportionment,  the  result  and  the  object 
of  the  poor-tax,  is  an  essential  condition  of  the  maintenance 
of  order  ia  England*  It  is  a  palliative  to  great  evils,  a  pal« 
liative,  of  which  the  spirit  of  justice,  humanity  and  pru- 
dence that  animates  and  enlightens  the  favoured  classes, 
makes  them  perceive  the  necessity.  The  greater  part  of 
the  economists,  and  amon^  the  rest  M.  Gamier,  have 
viewed  every  measure  of  this  sort  as  attended  with  great 
inconveniences;  but  these  inconveniences  are  light  when 
put  in  the  balance  with  the  interest  and  order  of  the  public* 
It  is. undoubtedly  an  evil  in  itself,  that  gratuitous  support  is 
otter^  to  men  able  to  labour*  The  uneoual  division  and  the 
irregular  distribution  of  these  supplies,  ana  the  examination  in- 
to private  circumstances  of  the  families  of  labourers,  are  also 
evils  of  no  less  magnitude*  But  what  are  all  these  inconven- 
iences, which  it  mi^ht  not  perhaps  be  impossible  to  remedy, 
compared  to  the  frightful  distress  with  wnich  the  withhold- 
ing of  these  charities  would  overwhelm  the  needy  multi- 
tude? How  otherwise^  indeed,  would  it  be  possible  tore- 
place  this  indenmity  for  misery,  offered  by  those  who  have 
possessions,  Co  those  whom  the  fataUty  of  the  course  of 
things  has  despoiled ;  and  what  would  be  the  consequences 
to  the  ^te,  of  the  absolute  deprivation  of  all  means  of  re- 
lief to  this  continually  increasing  throng  of  parents  abaa- 
doned  to*  their  melancholy  fat6  ? 

This  sacrifice  made  to  the  public  order  by  the  fortunate 
classes  of  society,  is  not,  however,  the  only  resource  pledg- 
ed, in  England,  to  the  activity  of  the  multitude*  It  affords, 
by  means  of  its  shipping,  an  outlet  which  4>pens  the  way  to 
the  tnimerous  British  colonies  scattered  over  the  globe* 
Hindostan,  that  immense  empire  tributary  to  Great  Britain, 
the  Cape  of  Good  Hope,  Ceylon,  New  Holland,  and  so  ma- 
ny other  distant  possessions,  invite  English  colonists.  The 
gradual  reduction  of  the  poor-tax  leaves  no  doubt  of  the 
wisdom  of  the  administration  ready  to  favour  the  system  of 
colonization,  that  resource  of  a  suffering  population* 

By  these  reflections,  which  we  submit  to  the  sagacity  of 
the  reader,  we  have  wished  to  shew  the  importance  of  po- 
litical economy  considered  as  a  moral  science.  In  attempting 
to  point  out  the  high  questions  of  this  nature  as  havinga  ne» 
cess^iry  coimexion  with,  and  influence  upon  the  material 
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and  mechanical  part  of  this  science,  we  nave  indicated  the 
chasms  and  eitors,  which  strike  thinking  minds,  fai  the  mod- 
em works  upon  public  economy.  This  oversight  of  the  in- 
timate relations  between  the  two  parts  of  the  science,  or  the 
too  superficial  rapidity  of  the  sketches  of  these  relations^ 
are  the  great  faults  which  render  the  work  of  Smith,  and 
the  otherwise  excellent  commentary  of  his  translator,  M« 
Garnier,  occasionally  unsatisfactory  to  a  reader  accustomed  to 
reflect**    One  follows  with  a  lively  interest  the  explanation 


*  It  is  very  questionable  whether  the  mere  drcnmstance  of  parsuine 
fubjects  of  eeonomy  farther  within  the  limits  of  morals  and  politics,  would 
necessarily  render  a  work  more  instructive.  The  interminable  prolixity 
of  Smith,  and  his  want  of  method ;  and  the  many  doublings  and  crossings 
of  his  route,  that  bewilder  the  readef  so  that  he  seems  to  be  moving  with- 
out making  progress  ;  and  the  details  that  do  not  admit  of  general  appli* 
cation,  or  iUustmte  any  general  principles,  such  as  his  account  of  the  Am- 
sterdam bank ;  all  render  the  wealth  of  nations,  in  many  parts,  a  very  tedi- 
ous book.  Charles  J.  Fox  is  reported  to  have  said  that  he  never  read  it. 
And  why  should  be  have  read  it  ?  A  glance  at  many  of  the  sections  will 
show  any  one  at  all  conversant  in  poHtics  and  subjects  of  economy,  that 
'  Smith  wrote,  as  he  lectured,  upon  the  suoposition  that  his  readers,  like 
bis  pupils,  were  novices  in  the  science,  and  must  be  instructed  in  its  first 
rudiments.  One  at  all  acquainted  with  subjects  of  the  sort,  frequently 
comprehends  and  admits,  instantly,  a  proposition  which  he  labours  to  es- 
tablish and  illustrate  through  a  long  chaoter.  But  the  circumstances 
which  lessen  the  interest  and  usefulness  of  ttie  work,  at  the  present  time, 
may  have  rendered  it  more  useful  at  the  time  of  its  publication,  for  its 
minuteness  of  detail  and  the  mat  accumulation  of  facts,  arguments,  and 
illustrations,  make  it  inexcusable  in  any  body  to  deny  many  of  bis  pro- 
positions. But  the  great  utilitv  of  Smith's  work  consists  as  much  in  his 
leading  statesmen  and  economists  into  a  right  mode  of  inquiry  and  rea- 
soning, If  in  the  practical  importance  of  the  specific  proposKions  which 
he  undertook  to  establish.  And  as  his  method  of  inquiry  is  constantly 
becoming  more  fixed  in  the  general  habits  of  thinking,  it  is  of  less  impor- 
tance whether  his  work  is  interesting  or  tedious  to  the  great  body  of 
readers. 

None  will  probably  be  of  opinion  that  Mr  Ricardo  or  Mr  Malthus 
would  have  made  a  better  book  by  ventorins;  into  deep  and  lofty  specula- 
tions upon  the  relations  of  economy  with  the  moral  habits  and  iM>Utical 
constitution  of  society.  Mr  Ricardo  would  inevitably  l^ave  failed  in  any 
such  attempt;  nor  do  we  believe  that  Mr  Malthus  would  have  diflfused 

Seat  light  upon  this  obscure  region.  The  Mrriter  of  the  above  article  says 
at  even  Smith's  excursions  beyond  the  limits  which  he  usually  prescribed 
to  himself,  were  unsuccessful ;  which  is  but  little  encouragement  to  his 
successors  to  venture  upon  similar  attempts.  M.  Say,  in  treating  of  luxu- 
ries, has  endeavoured  to  follow  the  consequences  of  consumption  beyond 
the  limits  which  have  generally  bounded  the  speculations  of  English  econ- 
omists ;  but  he  has  not  proceeded  with  any  lioldntes,  into  the  moi^l  and 
political  consequences ;  nor  has  he  given  any  such  proofs  of  intellectual 
power,  and  deep  and  original  thinking,  as  to  occasion  any  regret  of  his 
timidity.  All  the  writers  on  this  subject  have  probably  been  aware  that 
in  attempting  to  trace  the  iniaence  of  the  different  modes  of  industry,  and 
degrees  of  opulence,  in  their  remote  moral  and  political  relations  and 
eoBsequences,  they  were  in  danger  of  losing  sight  of  facts  and  satisfactory 
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of  the  mechanisin  which  produces,  and  distributes  among 
the  divers  classes  of  the  same  community,  and  among  differ- 
ent c<»Dmunities,  the  riches  and  treasures  of  the  world. 
The  mind  is  satisfied  with  the  clearness  of  the  analysis, 
the  chain  of  facts  and  arguments,  and  the  accuracy  of  the 
deductions.  But  one  often  feels  that  something  is  wanting 
to  the  beauty  and  completenes  of  the  work.  Questions 
occur  to  him  which  he  is  surprised  no^  to  find  answered ; 
and  now  and  then,  also,  his  reflections  and  internal  senti- 
ments reject  the  author's  assertions,  notwithstanding  the  ap- 
parent dependence  of  his  consequences  upon  his  premises. 
It  is  because  chrysology,  or  an  ingenious  explanation  of  the 
complicated  processes  of  labour  and  industry,  though  they 
concur  in  the  social  economy,  do  not,  alone,  constitute  nor  • 
regulate  it;  and  because  an  attempt  to  master  the  great 
Questions  of  the  social  economy  by  tne  aid,  only,  of  the  de- 
ouctions  of  chysology,  is  to  expose  one's  self  to  serious 
errors. 

Thus  the  French  economists,  in  other  respects  so  able 
and  intelligent,  and  of  whose  merits  Smith  entertained  a 
high  sense,  fell  into  an  error  when  they  undertook  to  de« 
riye  the  whole  social  order  from  the  net  product  of  agricul- 
ture, and  founded  upon  this  assumed  notion,  a  peculiar  sys« 
tem  of  taxation ;  and  designated  manufacturing  and  com- 
mercial industry  as  unproductive.  These  errors  have 
conducted  them  to  another  still  more  dangerous.  Preju- 
diced by  their  system,  they  have  exaggerated  the  advantages 
of  property  in  tne  soil,  already  so  much  regarded  as  not  to 
need  to  be  magnified  without  bounds.  They  did  not  r^ect 
that  in  concentrating  power  in  the  proprietors  of  the  soil, 
they  were  relapsing  into  the  feudal  system,  of  which  the  ul- 
timate consequence  is  the  servitude  of  the  other  classes. 
Smith,  in  reiuting  them,  has  pointed  out  to  us,  in  the  labour 
of  fireemen,  the  very  origin  of  the  sacred  right  of  property. 


iodactioii^  to  wander  in  vasne  speeulations  and  oonjectores,  and  thos  an- 
settle  and  again  put  afloat  tne  system,  which  Smith  bad  fiied,  and  estab^ 
lisfaed  upon  a  firm  basis.  Had  they  been  equal  to  the  task  of  enlarging 
the  science  and  earrying  argument  and  demonstration  into  what  had  been 
the  |>rovinc6  of  doobl  and  conjeetnre,  it  would  have  beeh  a  glorious  success. 
But  it  cannot  be  taken  for  granted  that  success  would  follow  any  attempt 
of  this  sort.  The  writers  on  economy  ought,  however,  to  have  noticed 
more  distincUv  the  action  and  reaction  between  institutions,  morals,  and 
manners,  on  the  one  part,  and  the  modes  of  production  and  consumption 
on  the  other,  though  they  had  not  attempted  to  foUow  out  and  explain 
their  reciprocal  influence. 
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and  the  basis  of  the  social  order.  All  the  powers  of  socie- 
ty are  called  upon,  in  his  book,  to  guaranty  to  all  its^  mem- 
bers, indiscriminately,  the  freedom  and  the  rewards  of  m- 
dustry.  He  has  exposed  the  error  of  our  economists  who 
denied  to  commercial  and  manufacturing  industry,  the  power 
of  contributing  to  the  production  of  wealth.  He  and  his 
able  commentator  have  demonstrated  the  active  co-opera- 
tion of  these  kinds  of  industry  in  production,  in  proving, 
that,  by  the  disbursements  made  for  materials,  it  at  least 
creates  a  market  value  for  these  materials,  at  the  same  time 
that  it,  iri  a  manner,  raises  up  consumers  for  other  products 
used  in  subsistence,  which,  without  this  intervention,  might 
decay  unconsumed  and  useless. 

But  Smith  and  his  disciples,  as  M.  Garnier  shews  very 
clearly,  have  in  their  turn  fallen  into  an  error,  in  pronounc- 
ing certain  kinds  of  labour  to  be  sterile,  and  attributing  the 
character  of  productiveness  only  to  occupations  of  which 
the  industry  is  realized  in  material  exchangeable  objects. 
One  is  easily  convinced,  with  M.  Gamier,  that  exchange  is 
only  a  means,  more  or  less  expeditious,  of  bringing  a  pro- 
duct to  the  hands  of  the  consumer ;  that  savings  alone,  aug- 
ment capital ;  and  that  the  employments  designated  as  un- 
productive, contribute,  like  the  otners,  by  savings,  to  the 
augmentation  of  the  national  capital,  promoting,  with  no  less 
4ictivity  than  the  others,  the  multiplication  of  products. 

A  predilection  for  the  rigorous  deductions  of  chrysology^ 
has  also  drawn  M.  Gamier  into  some  objectionable  and  in- 
accurate positions  in  respect  to  public  charities,  luxury,  and 
some  other  questions  of  public  economy.  Like  many  of 
the  modem  economists,  he  dwells  upon  the  inconveniences 
of  giving  public  relief  to  the  poor,  and  goes  even  so  far  as 
to  approve  of  imposing  penalties  upon  the  errors  of'  char- 
ity. This  enlightened  man,  had  he  been  less  prejudiced 
and  more  attentive  to  the  great  necessities  unavoidably  inr 
cident  to  the  social  state,  would  have  perceived  how  revolt- 
ing is  that  severity,  which,  at  the  same  time,  violating  the 
most  sacred  laws  of  nature  and  the  most  urgent  interests 
of  society,  represents  as  culpable,  the  sublime  zeal  of  the 
heroes  of  beneficence  and  Christian  chai*ity.  To  lay  so 
great  stress  upon  the  inconveniences  attendant  upon  benefi- 
cent acts,  is  to  find  fault  with  the  remedy,  instead  of  attempt- 
ing to  remove  the  evil.  It  is  unquestionably  expedient  not 
to  offer  rewards  to  the  indolence  of  the  poor,  but  it  is  suffi- 
cient, to  prevent  the  abuse  of  largesses  bestowed  by  idle 
jfeealth  upon  idle  indigence.     In  such  cases  leave  necessity 
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to  act ;  this  will  always  supplj  a  sufficiently  powerful  mo^ 
live  to  labour ;  and  take  care  not  to  discourage  the  compas- 
sion that  hurries  to  the  solace  of  industrious  poverty*  Self- 
ishnes  and  cupidity  will  always  be  found  to  be  sufficiently 
powerful  checks  to  the  sallies  of  generosity.  We  should 
not  forget  that  the  good  order  and  prosperity  of  societies 
depend  upon  the  l^ppiness  of  all,  not  the  privileges  of  a 
few. 

The  same  predilections  have  revived,  under  the  pen  of 
M.  Garnier,  tne  paradoxes  of  Melon,  that  ardent  apologist 
of  luxury.  If  we  believe  them,  it  is  of  little  import  how 
capitals  and  hands  are  employed,  provided  the  industrioos 
man  has  work.  The  luxury  of  the  ricli  is  the  patrimony 
of  the  poor.  This  epicurian  maxim,  quite  convenient  for 
the  rich,  is  not  therefore  the  more  true.  It  is,  on  the  con- 
trary, of  great  importance,  as  M.  Say  has  maintained,  that 
-  k  useful  airection  should  be  given  to  capital  and  labour. 
An  equal  freedom  in  the  choice  of  employments  promotes 
the  moral  order  and  the  well  being  of  a  people.  The  pros- 
perity of  agriculture  and  the  useful  branches  of  industry 
and  commerce,  ought  to  have  the  preference  over  the  arts 
■  which  are  merely  ornamental  to  society,  and,  still  more, 
over  those  which  are  frivolous.  To  adopt  any  other  prin- 
ciple, would  be  to  imitate  the  architect,  who  should  attend 
to  ornaments  and  trifling  decorations,  instead  of  construct- 
ing a  substantial,  convenient  edifice,  well  secured  against  the 
weather.  This  is  a  luxury  which  may  be  considered  use- 
ful, after  a  sufficient  provision  of  necessaries  is  made.  But 
involous  luxury  impoverishes  more  persons  than  it  feeds, 
and  even  corrupts  those  whom  it  supports.  Every  thing 
depends,  it  is  said,  upon  the  demand.  It'is,  for  this  very 
reason,  of  great  importance  that  the  demand  should  be  well 
directed,  which  never  can  be  done  by  means  of  sumptuary 
laws,  nor  by  positive  regulations:  tastes  must  be  unaer  the 
jurisdiction  of  morals:  they  must  be  regulated  by  morals, 
and  these  must  be  fonned  by  institutions.  In  the  social  or- 
der, all  things  are  linked  together,  and  mutually  dependent 
rn  each  other.  Let  us  then  guard  against  mistaking  an 
se  for  a  good  custom,  and  support,  by  our  sentiments,  all 
the  better,  influences  which  tend  to  give  society  a  right -di- 
rection. 

These  imperfections,  which  we  have  thought  it  incumbent 
upon  us  to  point  out  in  the  work  of  Smith  and  the  commeiw. 
tary  of  his  translator,  ought  to  be  set  down  to  the  account 
:of  their  predilection  for  a  science,  to  which  they  exclusively 
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devoted  themselves.  Tbe  work  and  the  commentary,  nev- 
ertheless, form  an  excellent  course-  of  public  economy,  in 
relation  to  the  interests  of  society  in  respect  to  material  ob- 
jects. A  course  of  instruction  more  solid  and  complete, 
cannot  be  found  elsewhere.  It  required  an  econonust  no 
less  able  than  M.  Gamier,  to  render  Smith  into  French,  with 
sufficient  clearness  and  correctness ;  and  the  labours  of  this 
accomplished  translator  cannot  be  too  highly  applauded. 
The  notes  he  has  subjoined  to  the  text  of  his.  autiior,  are 
well  calculated  to  elucidate,  and  complete,  and  sometimes, 
though  very  rarely,  to  correct  it.  M.  Gamier  and  M*  J.  B. 
Say,  are  undoubtedly  the  disciples  of  Smith  who  have  most 
perfectly  possessed  themselves  of  the  principles  of  their 
master ;  and  the  former  has  only  erred  in  following  him 
too  implicitly.  The  success  of  the  first  edition  and  the 
notes  accompanying  it,  having  rendered  a  new  edition  neces- 
sary, the  attacks  directed  against  Smith  by  his  unfaithful 
disciples,  determined  the  translator  to  revise  and  enlarge 
his  notes,  for  the  purpose  of  explaining  the  theory  of  Smith 
and  defending  it  against  the  attempts  of  Malthus,  David,  Ri- 
cardo,  Buchanan,  and  others,  to  establish  a  new  theory.  M. 
Gamier  has,  in  our  opinion,  at  least,  completely  succeeded. 
He  appears  to  us  to  nave  clearly  demonstrated  the  errors 
of  the  new  chrysologists.  All  the  notes  of  the  translator  of 
Smith  are  so  many  short,  well  written  treatises  upon  the 
questions  of  economy  which  he  discusses  in  them.  The 
notes,  taken  together,  may  be  considered  as  a  commentary 
and  supplement,  necessary  and  sufficient  for  the  complete 
understanding  of  the  oridnal.  After  an  attentive  studV  of 
the  text,  which  the  translator  has  facilitated  by  laying  down 
a  methodical  arr'kngement  in  his  excellent  introduction,  and 
by  his  labours  in  the  notes,  one  finds  himself  initiated  into 
all  the  mysteries  of  chrysology.  To  do  him  justice,  it  would 
be  necessary  to  cite  almost  all  the  dissertations,  which  he 
has,  with  too  much  modesty,  denominated  notes*  We  will, 
however,  particularly  recommend  to  the  reader*s  attention, 
among  others,  those  relating  to  the  history  of  money,  the 
market  value  of  wheat,  and  the  variations  in  the  value  of  the 
precious  metals.  In  these  discussions,  M.  Garnier  has  given 
proofs  of  extensive  reading,  rare  sagacity,  and  strong  powers 
of  reasoning.  The  curious  facts  which  he  cites,  the  inferen- 
ces he  draws  from  them,  and  his  clear,  concise,  and  nervous 
style,  give  something  of  spirit  and  interest  to  these  dry  sub- 
jects. From  these  elaborate  discussions  result  two  facts  that 
ve  important,  and  fruitful  of  consequence*:     1.  Wheat,  the. 
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substantial  part  of  the  subsistence  of  an  a^icultural  people, 
varies  very  little  in  its  real  price,  when  its  mean  value  in 
silver  is  calculated  for  a  lone  period :  accordingly  the  mean 
price  of  wheat,  thus  calculated,  represents,  with  sufficient 
accuracy,  that  of  common  day-labour,  and  thus  becomes  a 
suflSciently  accurate  measure  of  value.  2.  The  discovery 
of  the  American  mines  has  lowered  the  value  of  silver  much 
more  than  had  been  supposed  by  Smith.  The  new  notes 
added  by  M.  Gamier,  and  the  old  ones  revised,  have  ex- 
tended the  commentary  to  two  large  volumes,  octavo,  in  the 
second  edition,  which  we  announce.  The  acknowledged 
merit  of  this  translation,  and  the  commentary,  and  the  care 
bestowed  by  the  editors  in  the  execution  of  this  edition,  in- 
sure to  it  a  success  equal  to  that  of  the  former. 


A&T.  XI.— -Tef^/br  the  Action  of  Frost  on  Building  Materials. 
By  M.  Brard. 

M.  M.  Lefetre  and  Yicat,  knowing  that  I  had  been  long 
occupied  in  the  study  of  mineralogy  as  applicable  to  the  art3, 
engaged  me  in  an  investigation  of  the  means  best  adapted  to 
distin^sh  such  stones,  as,  being  otherwise  fit  for  building 
materials,  gave  way  to  the  action  of  frost.  I  found  it  impos- 
sible in  this  respect  to  ascertain  any  thins  from  their  miner- 
alogical  characters,  and  was  obliged  to  follow  another  course. 
During  the  winter  ot  1819, 1  carefully  examined  with  a  lens 
the  chalky  limestone  of  the  neighbournood  of  Pcri^ueux,  and 
the  sandstone  of  the  coal  basm  of  la  Vezere,  born  equally 
liable  to  this  action ;  I  soon  found,  that  each  scale  of  the 
limestone,  and  each  grain  of  the  sandstone  was  raised  by  the 
reunion  of  small  needles  of  ice,  which^  when  they  melted, 
sofiered  the  particles  to  fall  and  collect  about  the  stone,  and 
that  where  particles  had  fallen  off  in  this  way,  a  fresh  suc- 
cession was  raised  in  the  same  manner,  and  ultimately  sepa- 
rated from  the  mass. 

I  was  struck  by  the  resemblance  of  the  ice  in  silky  crystals 
to  the  saline  efflorescences  which  appear  between  the  plates 
of  certain  schists,  and  on  the  surface  of  old  walls.  I  remem- 
bered the  effect  of  common  salt  on  bad  pottery,  and  on  the  - 
saline  rocks  of  the  Tyrol,  and  conceived  the  idea  of  substi- 
tuting the  action  of  a  salme  solution  to  that  of  common  water. 
After  various  experiments,  I  gave  the  preference  to  sulphate 
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of  soda,  its  effects  being  the  most  constant  and  most  con- 
formable to  the  action  of  frost. 

The  experiment  that  it  may  lead  to  satisfactory  results 
should  be  conducted  as  follows.  Suppose  an  excavation 
newly  made  into  limestone  or  other  rocks,  and  it  be  desired 
to  ascertain  the  liability  of  the  rock  to  disintegration  by  the 
action  of  frost.  / 

1st.  A  cube  of  two  inches  in  the  side  is  to  be  cut  from  each 
part  to  be  tried;  the  various  cubes  numbered  with  thick 
China  ink,  and  their  original  sites  also  marked. 

2d.  About  four  pints  of  common  cold  water  are  to  be  satu- 
rated with  sulphate  of  soda,  so  that  a  few  grains  of  the  salt 
shall  remain  undissolved. 

3d.  This  solution  is  to  be  heated  to  ebullition,  and  then  all 
the  cubes  are  to  be  entirely  immersed  in  it.  When  the  boiling 
has  recommenced,  it  is  to  be  continued  for  half  an  hour. 

4th.  The  cubes  are  to  be  withdrawn  from  the  solution,  and 
placed  each  one  in  a  saucer,  numbered  ^s  the  cube  is ;  a  small 
quantity  of  the  solution  is  to  be  poured  upon  each  cube,  and  the 
whole  left  until  covered  with  white  efflorescences  perfectly 
analogous  in  appearance  to  the  rime  or  hoar  frost,  which 
causes  the  disintegration  of  the  stones.  These  efflorescences 
will  appear  in  about  twenty-four  hours,  if  the  air  is  dry  or  hot, 
but  in  a  humid  atmosphere  are  sometimes  five  or  six  days. 

dth.  When  the  efflorescences  appear  on  the  angles  and 
sides  of  the  cubes,  they  are  to  be  Dissolved  again  by  means^ 
of  a  few  drops  "of  water,  or  better  still  with  a  little  of  the 
solution  in  which  the  cubes  were  boiled.  If  well  managed, 
^e  efflorescences  will  soon  reappear,  and  when  well  formed, 
are  again  to  be  removed  in  a  similar  way ;  and  this  is  to  be 
repeated  for  three  or  four  days  together  ;*  after  which  each 
cube  may  be  washed  with  abundance  of  common  water,  but 
without  removing  it  from  the  saucer. 

6th.  The  specimens  to  be  tried  having  been  washed  on  all 
their  faces,  tne  detached  matter  is  to  be  examined,  and  a 
judgment  formed  from  it,  of  the  relative  qualities  of  each  kind 
of  stone  submitted  to  the  proof:  for  the  greater  the  number 
of  the  detached  particles  collected  in  the  saucer,  the  more 
liable  is  the  stone  to  be  attacked  by  frost ;  the  smaller  the 
number,  the  more  capable  is  it  of  resisting  the  action. 


*  If  the  oroof  be  continued  for  a  longer  period,  good  building  stones  may 
be  rejectea,  for  the  prolonged  action  oT  the  salt  is  more  poweiial  than  that^ 
of  ise. 
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As  ret  an  the  results  of  this  test  have  accorded  perfectly 
with  the  effect  of  time  and  frost.  Such  stones  as  have  been 
foimd  to  disintegrate  by  frost,  have  given  way  to  the  salt, 
such  as  time  has  sanctioned  have  resisted  the  new  agent,  so 
that  the  mechanical  effects  of  the  two  are  perfectly  analogous, 
Crystalization  takes  place  with  both,  augmentation  of  vol- 
ume, effcHts  on  the  surfaces  of  the  small  cavities  containing 
the  water  or  solution,  and  if  the  aggregation  be  not  sufficiently 
poweriul  to  resist  the  action,  disruption,  and  a  padual  decay 
of  the  rocks  either  on  their  natural  sites,  or  if  they  have  been 
applied  to  use  in  their  new  situations.  The  action  of  the 
sulphate  of  soda  being  quite  mechanical,  is  exerted  indiffer- 
ently on  all  kinds  of  rocks  deficient  in  aggregation,  on  lime- 
stones, sandstones,  large  grained  granite,  granites  of  too 
micaceous  a  structure,  scnists,  lavas,  &c.  It  may  be  employed 
as  a  proof  or  test  also  even  upon  slates,  bricks,  tufas,  mortars, 
and  cements,  as  is  proved  by  a  table  of  various  results  of 
this  kind. 

The  above  is  ireely  translated  from  a  paper  inserted  by 
M.  Brard,  in  the  Bib.  Univ.  xxiv.  324. 


Art.  XII. — Account  of  some  Inqpraoemmts  in  Clocks  and  Watches 
made  fry  Harrison  G.  Dtar.  [Communicated  by  the  inr 
•wiUor.J 

Tas  most  important  improvement  consists  in  the  introduc- 
tion of  what  may  be  termed  an  endless  lever,  instead  of  the 
tooth  and  pinion,  which  is  a  series  of  levers.  This  geerine 
possesses  many  important  advantages  over  every  other  kind 
of  geering  now  in  use ;  it  will  give  from  four  to  eight  times 
the  power  or  velocity  of  the  tooth  and  pinion,  and  is  nearly 
void  of  friction  and  inequality ;  is  superior  to  the  endless 
screw,  in  being  a  rolling  action  mstead  of  a  sliding  one.  This 
lever  is  applicable  to  any  purpose  where  a  quick  or  powerful 
motion  is  required ;  but  simply  for  communicating  motion,  it 
is  not  superior  to  the  common  angular  geering.  Its  most  im- 
portant character  is  to  give  a  great  difference  of  relative 
motion  from  one  wheel  to  another  without  friction,  and  per- 
fectly uniform. 

Tne  pendulum  is  suspended  in  a  more  simple  and  perfect 
method,  which  will  enaole  it  to  vibrate  in  a  cycloidal  curve, 
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or  a  curve  in  which  the  accelerating  power  shall  be  in  a 
compound  ratio  of  the  distance  and  resistance;  by  which  the 
so  much  desired  isochronal  property  of  the  pendulum  may 
be  obtained.  ' 

The  striking  part  is  less  complex  than  any  other  method 
that  has  been  devised,  there  being  employed  but  two  moving 
parts,  one  wheel  and  a  hammer  or  balance. 

The  improvements  in  the  watch  consist  in  employing  the 
same  geermg  as  in  the  clock,  with  a  mor^  perfect  and  simple 
escapement,  and  a  more  simple  method  of  equalizing  the 
main  spring  than  the  fusee  and  chain.  It  is  confidently  anti- 
cipated that  these  improvements  will  greatly  contribute  to  the 
more  perfect  going  of  all  timekeepers,  there  being  so  many 
sliding  surfaces  converted  into  rolling  ones,  and  the  number 
so  much  diminished. 

DESCRIPTtoN. 

Of  the  geering. — Let  there  be  a  wheel  of  the  same  number 
of  angular  teeth  as  it  is  required  the  revolutions  of  the 
arbor  should  exceed  those  of  the  wheel  which  it  is  to  be 
geered  into ;  and  of  such  a  width  that  the  teeth  of  the  wheel 
shall  not  be  of  too  great  an  angle  when  a  line  drawn 
across  the  circumference  shall  pass  the  opposite  extremes 
of  two  teeth.  On  the  arbor  there  are  no  teeth,  but  a 
groove  cut  in  and  around  it ;  so  that  one  turn  of  the  groove 
shall  be  equal  in  length  to  the  width  of  the  wheel.  The 
distance  from  the  point  of  contact-  on  the  circumference  of 

■  the  wheel,  to  the  centre,  should  be  to  the  distance  from  the 
point  of  contact  on  the  arbor,  to  the  centre,  as  the  velocity 
ot  one,  is  to  the  velocity  of  the  other ;  so  that  if  a  line  be 
wound  round  the  arbor,  at  the  point  of  contact,  it  will  be 
equal  in  length  to  one  tooth  of  the  wheel.  The  two  surfaces 
passing  over  equal  spaces  in  equal  times,  and  in  the  same 
direction,  will  have  a  perfectly  rolling,  action.  This  peering 
has  the  property  of  admitting  the  tooth  of  the  wheelindefr 
nite  near  to  the  centre  of  the  arbor,  still  preserving  sufficient 
strength,  and  thereby  being  enabled  to  give  almost  any  dif- 
.ference  of  relative  velocity  between  a  wneel  and  an  arbor* 
The  pendulum  is  suspended  from  a  straight  line  that  rolls 

,  upon  a  circle,  or 'from  a  circle  that  rolls  upon  a  straight  line. 
The  pullets  are  reversed;  and  at  the  centre,  on  the  lower 
part,  there  are  two  planes  that  make  an  angle  with  the  sides 
less  than  ninety  degrees,  which  constitute  the  straight  line 
that  rolls  upon 'a  cylinder.  The  two  planes  are  admitted 
into  a  corresponding  groove  in  the  cylinder,  which  prevents 
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them  from  slipping  off;  and  to  preyent  a  slip  sideways,  there 
is  placed  a  small  conical  pin  between  the  two  planes,  that  is 
so  fitted  into  an  oblong  hole  that  the  two  can  roll  together 
without  friction ;  when  the  pendulum  is  so  detached  thkt  the 
just  accelerating  power  cannot  be  given  without  making  the 
cylinder  of  an  inconvenient  size,  a  segment  may  be  used,  or  the 
planes  of  the  pullets  that  roll  on  the  cylinder  may  be  concave* 

The  striking  part  consists  of  a  wheel  of  any  convenient 
number  of  sharp  pointed  teeth,  made  to  play  into  a  cylinder, 
after  the  manner  of  a  cylindrical  escapement  to  a  watch ;  on 
the  cylinder  there  is  confined  a  balance  with  two  arms,  the 
one  a  litde  longer  that  the  other,  so  that  when  at  the  point  of 
rest  the  groove  in  the  cylinder  will  be  at  the  right  place  for 
a  tooth  of  the  wheel  to  fall  into,  and  give  an  impulse  to  the 
balance,  one  arm  of  which  strikes  a  bell  (operating  as  a  ham- 
mer) and  returns  to  the  point  of  rest  again,  when  another 
tooth  passes  in,  operating  as  before. 

To  make  a  clock  run  a  year  with  but  three  wheels,  or  a 
week  with  two,  and  to  shew  the  hours,  minutes,  seconds,  and 
fractional  parts,  and  if  for  a  year,  the  days  of  the  week :  let 
the  teeth  of  the  wheels  be  of  such  a  number  that  the  first  will 
revolve  once  in  five  minutes,  the  second  in  six  hours,  the 
third,  if  for  a  year,  in  a  week.  The  fractional  parts  of  the 
second,  are  pointed  bv  a  hand  from  the  pendulum,  the  days 
of  the  week  by  the  last  wheel.  The  hours,  minutes,  and 
seconds  are  pomted  by  hands  which  revolve  with  the  two 
first  wheels.  The  six  hour  wheel  is  placed  in  the  centre  of 
the  dial,  round  the  circumference  of  which  there  is  two  rows 
of  figures  beginning  at  one  and  ending  at  twelve ;  these  spaces 
are  subdivided  into  five  minute  spaces,  which  point  the  time 
to  five  minutes ;  the  remaining  minutes  are  found  at  the  smaller 
circle,  round  which  the  five  mmute  hand  revolves,  which  spaces 
are  divided  into  seconds.  . 

Reference  to  the  Plate. 

A,  fig.  1,  a  wheel  with  angular  teeth.  B,  the  arbor  that  is  geared  into  the 
wheel  A. 

A,  fig.  2,  the  pplletfl  that  have  a  concave  surface  to  roll  on  the  cylinder  i. 

Fig.  3,  the  striking  part ;  A  the^ belli  B  the  wheel,  C  the  cylinder^  D  the 
balance  or  hammer. 

Fig.  4,  a  view  of  a  two  whep]  clock,  to  run  eight  days,  and  to  shew  the 
hours,  minutes,  and  seconds  on  the  dial  represented  in  fig.  5,  the  time  to  five 
minutes,  on  the  outer  circles,  and  under  five  on  the  small  circle  under  the 
centre. 

The  watch  escapement  and  substitute  for  the  fasee  and  chain,  is  not  repre-* 
seated  in  the  plate. 
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Art.  XIII. — Jiotice  of  M.  Brongniart^s  Memoir  on  the  Lignites^ 
[J.  W.  W.] 

We  have  received  from  M.  Brongniart,  a  copy  of  his  late 
Memoir  on  the  Lignites,  or  those  carbonaceous  combustibles, 
to  which  a  vegetable  origin  is  to  be  ascribed,  and  which  have 
hitherto  been  confounded  with  the  coals.  This  memoir  is 
particularly  valuable  from  the  nature  and  importance  of  the 
substance  of  which  it  treats,  and  from  the  masterly  manner 
in  which  it  is  drawn  up.  It  is  one  of  the  best  models  for 
geological  reports  with  which  we  are  acquainted.  It  presents 
us  with  all  the  important  facts  in  the  history  of  this  mineral 
product,  points  out  the  distinguishing  characters  of  each 
variety  with  singular  perspicuity,  and  contains  a  full  account 
of  all  the  most  important  localities,  together  with  some  highly 
interesting  speculations,  in  regard  to  the  origin  of  these  com- 
bustibles. In  every  page  we  discern  the  hand  of  one,  who 
comes  to  his  undertaking  familiar  with  all  that  has  been  writ- 
ten and  done  in  the  science  of  geology,  whose  great  object 
it  is  to  communicate  to  others,  in  a  simple  intelligible  manner, 
the  results  of  careful  observation,  and  exemplary  patient 
research.  M.  Brongniart  does  not  aim  to  astonish  his  read- 
ers, with  an  enumeration  of  unimportant  minute  shades  of 
difference  in  rocks  and  minerals,  and  a  long  list  of  substances, 
with  new  names,  with  which  we  are  fatigued  in  too  many  of 
the  geological  memoirs  of  the  present  day,  and  which  in- 
steaa  of  advancing  the  science,  have  a  contrary  effect. 

The  remark  of  a  distinguished  European  geologist,  that 
he  who  is  not  familiarly  acquainted  with  mineralogy,  is  not 
prepared  to  eneage  in  geological  investigations,  cannot  be  too 
fully  impressed  on  those  who  find  an  interest  in  these  pur- 
suits* The  belief  that  an  acquaintance  with  a'  few  of  the 
most  common  rocks  and  minerals,  is  sufficient  preparation 
for  undertaking  the  geological  description  of  a  country,  is 
continually  leading  to  gross  error.  How  often  are  we  over- 
whelmed with  a  host  of  new  names,  which  are  afterwards 
found  to  have  been  applied  to  minerals,  that  have  been  long 
known,  and  which  were  evidently  resorted  to,  from  a  want  of 
sufficient  acquaintance  with  the  labours  of  others  ?  Not  only 
are  the  greatest  errors  in  the  description  of  rocks  continually 
occurring,  but  their  relative  position,  one  of  the  most  important 
circumstances  in  regard  to  them,  is  judged  of,  as  has  been  so 
justly  remarked  by  Humboldt,  according  to  imperfect  analo- 
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gies,  and  to  the  circumscribed  ideas  acquired  in  limited 
tracts  of  country.  The  views  of  the  geolo^st  are  too  grand 
and  extensive  to  be  shackled  bj  microscopical  differences  in 
the  composition  of  rocks,  on  which  new  names  are  so  often 
founded,  and  which  so  far  from  authorizing  the  multiplica- 
tion of  sub-species,  should  lead  to  more  general  and  enlarged 
views. 

The  work  of  M.  Brongniart  was  written  for  the  Dictionary 
of  Natural  Sciences,  now  publishing  in  Paris,  which  is  en- 
riched with  the  contributions  of  so  many  distinguished 
scientific  men.  It  is  divided  into  three  parts ;  the  first  re- 
lates to  the  mineralogical  characters,  varieties,  properties, 
Slc.  of  Iknite ;  the  second,  to  its  geological  position ;  and 
the  third,  to  its  geographical  distribution,  and  the  circum- 
stances therewith  connected. 

The  term  lignite  b  applied  to  no  other  variety  of  combus* 
tible  mineral,  than  such  has  evidently  had  a  vegetable  origin. 
Under  this  name  are  included  not  only  all  the  varieties .  of 
brown  coal  of  the  Germans,  but  likewise  many  other  kinds 
of  bituminous  fossil  coal.  The  distinction  between  fossil 
coal,  strictly  so  called,  and  lignite,  was  first  pointed  out  by 
M .  Vofet. 

The  Ignites  are  distinguished  mineralogically,  by  a  deep 
black  colour,  a  brilliant  lustre,  a  resinous  fracture,  which  is 
sometimes  conchoidal.  Their  texture  is  homogeneous,  in 
which  the  ligneous  structure  is  not  always  discernible,  but  in 
some  specimens  where  the  mineral  has  not  lost  its  black 
colour,  it  is  sufficiently  distinct.  It  occasionally  however 
passes  through  different  shades  of  brown,  still  retaining  the 
fibrous  character.  Its  vegetable  and  ligneous  origin  can 
scarcely  be  mistaken,  although  it^  sometimes  has  quite  an 
earthy  aspect. 
'  When  exposed  to  the  fire,  all  the  varieties  burn  with  a 
clear  flame.  The  most  compact  varieties,  after  distillation, 
exhibit  the  ligneous  structure,  and  those  which  contain  no 
pyrites  give  out  a  pungent  fetid  odour,  devoid  of  any  aro- 
matic smell;  this  is  also  the  case  with,  coal  and  bitumen 
when  equally  pure.  In  other  combustibles,  the  pyrites  oo- 
casion  a  sulpnureous  odour,  different  from  that  peculiar 
smell  of  the  lignites. 

After  combustion,  there  remains  a  pulverulent  cinder,  re- 
sembling that  from  wood,  but  often  more  abundant  and 
earthy,  more  femisinous,  and  of  a  reddish  colour,  containing 
in  some  cases  nearly  three  per  cefxU  of  potash. 
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M*  Brongniart  remarks,  that  we  have  no  analysis  which 
can  lead  to  a  knowledge  of  the  essential  differences  between 
the  lignites,  coal  and  bitumen*.  The  three  following  analyses, 
however,  of  lignites  from  places  very  distant  from  each  other, 
exhibit  sufficiently  the  constituent  principles. 

Eaithy  'ig-  Fibrous  ttg-  Granular  Ik- 
nite  of  nite  of  Bo-  nite  of  Lob- 
Schialpen,  rejhy      muu,  by  Hat- 
by  Hatcbett.    chettlcBran- 
Klaprotfa.  tfaome. 

Carbon 20    -    -    -      45    •    -    27 

Water  &  pyroligneotis  acid  12--    -      30--'* 

Thick  bituminous  oil    -    -  30    -    -    -      10.6  -    -     " 

Carburctted  hydrogen  -    -  59  cub.bch.  )  |  *  r 

Sulphur  from  pyrites  -    -  8.5"      ".  5*'**^.    -    18 

Sulphate  of  lime     -    -    -  2.5 

Sand 

Oxide  of  iron     -    -    - 


11.5} 

M 

0.6  1 


Lime    -  -     ^ 23 

Alumina 

These  analyses  prove  the  existence  of  an  acid  analogous 
to  the  pyroligneous  or  pyro-acetous,  and  confirm  the  supposi- 
tion of  Vauauelin,  that  this  acid  is  formed  during  the  com- 
bustion  of  tne  lignite*  This  opinion  is  also  confirmed  by 
the  experiments  of  Dr.  MaccuUoch,  on  the  properties*  of  the 
products  of  the  distillation  of  wood,  peat,  and  the  lignites 
called  jet,  bovey'coal,  and  surturbrand.  All  these  products 
contain  more  or  less  pyro-acetic  acid,  while  it  is  not  found  in 
the  products  of  the  distillation  of  bitumens ;  which,  on  the 
contrary,  contain  ammonia,  &c.  These  analyses  show  that 
the  lignites  and  the  coals  are  composed  of  the  same  ultimate 
principles,  carbon,  hydrogen.,  &c. ;  but  that  in  the  products 
they  are  combined  in  a  mfierent  manner  by  heat,  and  lead 
to  a  true  mineralogical  distinction  between  them. 

The  specific  gravity  of  the  true  lignite,  {lignUe  piUJbrmt 
jayeQ  is  from  1.10  to  1.50. 

The  proportion  of  the  eminently  combustible  part,  whether 
it  be  carbon  or  hydrogen,  to  the  apparent  mass  of  the  com- 
bustible, appears  to  be  one  of  the  distinctive  characters  be- 
tween the  lignites  and  the  coals.  The  real  combustible 
seems  to  be  much  less  condensed  in  the  first  than  in  the  sec- 
ond ;  this  is  not  deduced  from  the  relations  of  the  specific 
fravities,  which  are  nearly  the  same  in  the  two  combustibles, 
ut  from  the  results  obtained  by  M.  Voigt ;  from  which  it 
appears  that  one  volume  of  lignite  will  give  as  much  heat  as 
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Chr&e  voluraes  of  pine  wood,  but  seven  yolumes  of  the  lignite 
of  I^ipsic  are  required  to  produce  as  much  heat  as  one  vol- 
ume of  coal.  We.  know  that  these  results  are  but  distant 
approximations,  and  that 'some  kinds  of  lignite  may  be  chos- 
en which  will  give  at  least  as  much  heat  as  certain  kinds  of 
impure  coal. 

The  varieties  of  lignite  described  by  M •  Brongniart,  are 
the  following. 

1.  LaemTE  piciforiiE)  pitchcoal  of  Werner. 

In  this,  the  li^eoos  structure  is  sometimes  apparent,  but 
in  general  has  disappeared. 

fl.  ligmte  piciforme  eommun^  common  brown  coal,  W.  This 
variety  has  an  unequal  density,  and  a  slaty  ligneous  struc* 
ture. 

&•  lignite  piciforme*  Jet*  The  texture  of  this  variety  is 
compact,  and  it  is  susceptible  of  a  good  polish.  It  is  found 
in  beds  or  nodules.  It  never  forms  beds  or  deposits  by  it- 
self, and  is  often  met  with  in  small  masses,  among  beds  of 
earthy  lignite,  or  in  trunks  of  black  fibrous  lignite.  Its  pre- 
cise geolo£pcal  situation  is  not  well  known.  It  is  found  in  all 
deposits  of  h'gnite,  even  in  those  which  are  above  the  chalk. 

The  fine  black  colour  of  jet,  and  its  susceptibility  of  being 
turned,  cut,  and  well  polished,  renders  it  an  object  of  research 
for  ornamental  purposes.  But  the  fickleness  of  fashion  has 
afiected  the  mines  and  manufactories  of  this  substance  more 
than  those  of  any  other  ornamental  mineral. 

After  noticing  the  principal  localities  of  jet,  in  France, 
Spain,  Germany,  England,  and  Russia,  M.  Brongniart  speaks 
or  the  manufacture  of  jet  ornaments,  established  at  Saint 
Cohimbe  in  the  department  of  Aude,  in  France,  where 
it  is  worked  into  beads,  earrings,  crosses,  &:c.  The  manu- 
factories at  thb  place  are  in  part  supplied  with  jet  from  Spain. 
The  jet  is  cut  into  small  pieces  nearly  of  the  form  which 
they  are  finally  to  retain,  holes  are  then  drilled  in  them,  and 
the  facets  are  afterwards  produced  by  grinding  the  pieces  on 
a  horizontal  stone,  like  a  lapidary's  wheel.  The  stone  used 
for  this  purpose,  is  a  coarse  sandstone,  and  is  kept  con- 
stantly wet.  A  facet  is  produced  by  placing  the  piece 
against  the  circumference  of  the  stone,  where  the  stone  is 
rough.  The  facet  is  polished  by  carrying  the  piece  towards 
the  centre  of  the  stone,  where  it  is  kept  smooth  by  means  of . 
a  pfece  of  flint  carried  over  it  from  time  to  time  with  strong 
pressure.  This  process  is  ingenious,  and  the  workman  is 
ennabled  to  cut  and  polish  the  piece  without  changing  his 
place  or  tool. 
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The  jet  being  much  softer  than  the  stone  upon  which  it  is 
worked,  can  be  shaped  with  great  ease.*  A  workman  can 
cut  out  from  fifteen  hundred  to  four. thousand  pieces  in  a  day, 
according  to  their  size ;  a  man  can  drill  from  three  to  six  thou- 
sand holes  in  a  daj ;  and  it  is  estimated,  that  fifteen  thousand 
facets  can  be  cut  m  a  day. 

One  tenth  part  of  the  articles  thus  manufactured,  are  dis- 
tributed through  Germany,  one  tenth  in  Africa  and  Turkey, 
two  tenths  in  France,  and  six  tenths  in  Spain  and  the  colonies. 
About  one  hundred  and  fifty  workmen  were  employed  in 
1806,  at  Sainte  Colombe,  with  a  capital  of  about  fifty-thou- 
sand francs ;  but  in  the  middle  of  the  eighteenth  centucy, 
twelve  thousand  workmen  were  employed,  with  a  capital  of 
two  hundred  and  fifty  thousand  francs. 

The  remaining  varieties  of  lignite  described  by  M.  Brong- 
niart,  are 

c.  Lignite  piciforme  candekiire,  cannel  coal. 

3.  Lignite  terns,  Braunkohle  W.  moor  coal. 

a.        "  "        massivem 

6.        '^  **        slaty. 

c.  **  "        fri^AU. 

d.  "  "'        earth/j  this  includes  the  Cologne  earth. 
3.  Lignite  tibreux,  bituminous  coal  of  Werner. 

a.  "  "        bhu:k. 

*^       ^  ^  '     Oflindrical. 

**       "  "        hacillaire,  in  minute  fibres  twisted  and 

interlaced. 

b.  "  hrown'^ 

*         ^  ^^       cjflindric4U^  in  the  form  of  a  stem  or 

compressed  trunk,  straight  and  rather  longer  than  a  gooseys 
quill. 

This  variety  is  common,  and  has  struck  the  workmen  as 
well  as  naturalist^  as  afibrding  9ne  of  the  most  certain  evi- 
dences of  the  origin  of  lignites.  One  of  the  most  remarka- 
ble localities  is  at  Bruhl,  near  Ck>logne,  where  the  number  of 
stems  and  trunks  is  prodigious,  and  where  are  also  found 
dicotyledons  and  monoeotyledons. 

*»  «  «  w  baciUaire;  there  is  little  doubt  that 
these  are  the  roots  or  stems  of  trees  of  the  palm  tribe. 

M.  Brongniart  next  proceeds  to  point  out  the  geological 
situation  and  connexion  of  the  lignites,  which  are  generally 
found  together;  some  varieties  predominating  in  certain 
formations,  to  which  the  others  are  subordinate.  Viewed  as 
a  principal  rock,  or  as  forming  a  continuous  bed,  lignite  is 
confined  to  one  formation.    As  a  subordinate  mineral,  it  is 
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met  with  in  masses  of  some  size,  but  generally  not  in  continu- 
ous beds  9  and  occurs  in  very  different  formatidns,  from  the 
coal  formation,  strictly  so  called,  to  the  newest  formations. 

Lignite  is  next*  considered  as  a  princi(>al  rock,  presenting 
itself  in  the  form  of  a  continuous  bed.  To  this,  M.  Brong- 
niart  applies  the  term,  soissancis^  from  one  of  its  most  impor- 
tant localities  in  France.  He  remarks,  that  lignite  is  con- 
sidered as  a  formation,  an  assemblage  of  rocks  and  minerals, 
having  a  certain  relative  situation  to  the  other  rocks  compos- 
ing the  crust  of  the  globe.  There  are  manv  of,  these  as- 
semblages, no  one  having  fixed  and  specinc  characters, 
hence  the  necessity,  he  conceives,  of  adopting  some  term 
which  shall  designate  the  particular  formation.  The  Unites 
of  Sheppey,  Cologne,  Meissner,  Wolfeck,  &:c.  he  contmues^ 
are  precisely  like  those  .of  Soissons,  and  under  this  term  they 
are  mcluded. 

The  Soissons  lignite  belongs  to  the  formations  above  the 
chalk,  and  is  always  beneath' the  inferior  beds  of  the  coarse 
limestone,  and  within  the  plastic  clay,  sand,  and  rolled  peb- 
bles, which  are  posterior  to  the  chalk,  and  separate  the  two 
deposits.  M.  Brongniart  thinks  it  probable  there  may  be  a 
second  deposit  of  lignite  in  the  formation  above  the  chalk, 
between  the  gypsum  and  the  marine  formation ;  but  this  has 
not  yet  been  satisfactorily  proved. 

The  occurrence  of  lignite  under  the  basalt,  and  in  most 
basaltic  formations,  as  in  Hessia,  Saxony,  Franconia,  Bohe- 
mia, in  Auvergne,  &c.  is  a  remarkable  fact,  and  tends  to 
support  the  belief,  that  basalt  is  the  product  of  the  last  revo- 
lutions which  the  earth  has  undergone,  and  induces  us  to  re- 
gard this  rock,  in  part  crystalline,  and  often  accompanied 
with  rocks  wholly  crystalline,  as  posterior  to  those  forma- 
tions which  were  formerly  called  alluvial ;  but  this  does  not 
decide  the  question  in  regard  to  the  aqueous  or  igneous 
origin  of  basalt. 

It  cannot  longer  be  admitted  with  M.  Schlotheim,*  that 
(he  lignites  belong  to  the  trap  formation,  just  noticed;  they 
must  be  considered  as  of  anterior  origin  to  this  formation, 
and  absolutely  independent ;  for  in  many  places  where  it  is 
abundant  there  are  no  indications  of  a  trap  formation. 

M.  Brongniart  enumerates  the  following  as  the  rocks  and 
minerals,  usually  associated  with  lignite;  white  and  fine 
quartzose,  and  coarse '  ferruginous  sand,  siliceous  pudding- 
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stone,  composed  chiefly  of  flints,  quartzose  sandstone,  plas* 
tic  claj,  marls,  &c«  In  these  are  distributed,  in  nodules, 
beds  and  druses,  quarts,  agates,  sulphate  of  strontian,  calca- 
reous spar,  selenite,  sulphuret  and  hydro-oxide  of  iron,  sul- 
phuret  of  zinc,  amber,  mellite,  and  petroleum.  The  fossil 
remains  of  vegetables  are  in  number  twenty  six,  many  of 
which  are  well  defined,  part  being  in  the  state  of  lignite, 
part  siliceous,  and  a  few  in  the  state  of  coal. 

From  the  list  of  plants  found  in  the  lignite  some  remark- 
able facts  are  evident,  which  were  unknown  till  within  twen-* 
ty  years.  It  is  ascertained  that  many  of  the  plants  belong 
to  families  which  do  not  now  exist  near  where  the  lignites 
are  found ;  nor  are  the  remains  of  aquatic  plants  more  abun- 
dant than  those  of  any  other  families.  No  marine  plants  hav^ 
been  observed,  and  there  is  no  reason  why  they  should  not 
have  been  preserved  as  well  as  any  others ;  no  ferns,  or 
leaves,  or  stems  of  plants  of  this  family  have  been  met  with, 
although  they  are  so  common  in  beds  of  coaL 

M.  jidolphe  Brongniart,  in  his  memoir  on  the  fossil  veget- 
ables, asks  if  this  is  not  attributable  to  the  nature  of  the 
buried  plants,  rather  than  to  the  absence  of  fuci  from  the  ' 
surface  of  the  earth,  when  the  lignite  formation  was  deposit- 
ed. Plants  according  to  him  could  not  have  been  buried 
where  they  are  now  found,  but  from  two  circumstances. 
Either  they  grew  upon  the  soil  itself,  which  covered  them  as 
fast  as  the  grew ;  or  they  have  been  covered  by  earthy  or 
stony  depositions  of  a  difierent  nature,  spread  upon  the  soil 
by  the  operation  of  causes  of  which  we  are  ignorant.  This 
appears  to  have  been  the  case  with  the  algoe,  in  the  marine 
deposites,  the  ferns  in  peat  bogs  and  coal-fields,  which  were 
neither  marine  nor  fresh-water  deposites ;  this  is  the  case 
with  the  canes,  nymphoese,  &c.  in  the  deposits  from  lakes 
and  rivers ;  now  the  lignite  formations  belong  to  the  latter, 
and  the  ferns  were  not  aquatic  plants,  they  could  thrive  at 
the  surface  of  the  earth,  while  the  lignite  formation ''was  de- 
positing, without,  however,  being  found  in  the  formation. 

Or  the  buried  plants  did  not  grow  in  the  formation,  in 
which  they  are  now  found  in  a  fossil  state ;  and  in  this  case 
they  appear  as  if  they  had  been  brought  from  a  distance  by 
the  wina  and  currents  of  water,  which  left  them  where  they 
are  now  found ;  either  in  the  sea,  in  which  case  they  were 
mixed  with  marine  plants,  or  in  lakes  and  ponds,  and  here 
they  were  mixed  with  the  products  of  lakes. 

But  had  they  been  dragged  along  in  this  manner,  they 
must  have  been  destroyed,  or  have  been  torn  easily,  from 
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ike  soil,  or  from  their  stalks,  the  fuci  could  not  have  been 
affected  by  these  causes  from  their  firm  attachment  to  the 
soil.  According  to  this  hypothesis,  the  trunks  of  trees  which 
we  find  in  the  Tignite  formation,  ought  to  have  belonged 
either  to  trees  that  grew  in  watery  places,  or  they  are  trunks 
and  branches  which  could  have  been  washed  there  by  the 
waters. 

These  observations  give  an  idea,  of  the  very  different  cin> 
cumstances  under  which  the  coal  formation  and  the  lignite 
formation  were  formed,  both  composed  of  an  immense  accu* 
mulation  of  vegetable  matter ;  this  is  in  accordance  with  the 
geological  fects.  The  mass  of  the  first  formation  is  compos- 
ed of  plants  that  flourished  on  the  dry  land,  and  which  are 
iNiried  in  the  place  where  they  mw ;  that  of  the  second  is 
ciMnposed  of  aquatic  plants  also  ouried  in  their  native  spot* 
In  the  first,  there  are  hardly  any  foreign  vegetables.  In  the 
second,  on  the  contrary,  the  mass  of  foreign  vegetables  is 
often  more  considerable  than  that  of  the  imligenous  plants* 
There  have  not,  as  yet,  been  found,  any  vegetables  adhering 
strongly  to  fresh-water  soils,  nor  leaves  attached  to  the 
Btems ;  that  is  to  say  no  aquatic  plants,  for  the  reason  given 
above ;  they  may,  however,  be  met  with,  but  the  observa- 
tion proves  that  it  is  a  very  rare  occurrence.  These  con- 
siderations, presented  for  the  first  time  in  the  memoir  just 
cited,  are  of  ereat  importance  in  a  geological  theorv,  indicat- 
ing, if  they  do  not  show  distinctly,  the  organic  aifferences 
between  the  formations  of  coal  and  those  oi  lignite. 

The  manner  in  which  the  vegetable  debris  presents  itself 
in  these  deposits  of  lignite,  will  contribute  to  acquaint  us  with 
the  circumstances  under  which  these  deposits  were  made. 

The  plants  are  not  found  in  one  constant  diTection,  as  has 
been  before  supposed,  but  they  are  in  all  directions.  They 
are  not  always  in  a  horizontal  position,  and  we  meet  with 
many  trunks  of  trees  in  a  vertical  position,  in  coal-fields. 
M.  fioggerath,  who  is  occupied  with  this  question,  noticed 
at  Piitzburg,  a  tree  in  a  vertical  position,  which  is  more  than 
three  metres  in  diameter,  and  on  which  he  counted  seven 
hundred  and  ninety  two  concentric  rings. 

M«  Brongniart  next  proceeds  to  speak  of  the  remains  of 
animals,  which  are  found  with  the  lignites.  Among  these 
we  find  some  of  the  largest  of  the  mammiferes,  the  remains 
of  crocodiles,  and  an  abufidance  of  fossil  shells.  Hence,  it 
is  inferred,  that  the  UgniU  soiisannms  was  deposited  from  fresh 
water.  The  lower  part  of  the  deposite  at  Epernay  presents  in 
a  striking  manner,  an  abundance  of  fresh-water  fossils,  while 
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the  upper  portion  contains  a  mixture  of  the  same,  with  those 
of  marine  animals. 

As  regards  the  formation  of  which  lignite  is  a  subordinate 
member,  it  is  iSrst  met  with  in  the  oldest  coal  formation  with 
remains  of  ferns,  to  this  would  belong  the  lignite  of  South 
Hadlejr,  in  Massachusetts. 

The  greatest  depth  at  which  it  has  been  found,  is  in  the 
calcareous  marl  below  the  oolite,  and  above  the  alpine  lime- 
stone, the  lias  of  the  English  geologists,  the  muschelkalk  of 
the  G^ermans. 

A  ver^  remarkable  fact  in  the  geological  history  of  the 
lignites,  is  their  occurrence  in  the  rock  salt  of  Wieliczka.  It 
is  sometimes  in  the  state  of  jet,  sometimes  fib|x>us  and  bitu- 
minous ;  in  the  last  case  it  gives  out  a  strong  odour  analo- 
gous to  that  of  truffles,  or  certain  decaying  marine  animals. 
The  sandy  deposites  which  cover  this  salt  formation,  contain 
also  lignite  with  mellite.  These  circumstances  furnished  M. 
Beudant  with  one  of  the  arguments  which  led  him  to  refer 
the  saline  formation,  at  the  foot  of  the  Carpathian  mountains 
to  the  tertiary. 

The  lignite  which  occurs  above  the  l^iU  soissannois,  is 
described  as  a  distinct  diluvian  deposit ;  and  M.  Brongniart 
has  attempted  to  establish  four  formations  of  .this  substance ; 
viz.  1.  Lignite  of  the  lias.  • 

2.  Lignite  of  the  island  of  Aix. 

3.  Lignite  of  Soissons. 

4.  Upper  lignite. 

The  analogy  between  the  minerals  and  rocks  of  these, 
and  those  of  the  coal  formations,  notwithstanding  the  differ- 
ence in  age  and  position  of  the  formations,  is  remarkable* 
The  memoir  closes  with  a  description  of  the  localities  of 
lignite  at  considerable  length,  am<x)g  which  the  author  notices 
the  well  known  localities  of  Gay-Head,  Martha's  Vineyard, 
and  South-Hadley,  in  this  state. 


Art.  XlY^^^^XJhemical  Analysis  of  Ae  Sea-Water  of  Boston 
Harbor.    By  J.  W.  Webster,  M.  D. 

A  QUANTITY  of  the  Water  from  this  harbor  was  taken  up 
after  a  continuance  of  dry  weather,  and  at  such  a  distance 
from  the  land,  that  no  error  was  to  be  apprehended  from 
an  unusual  adoiixture  of  fresh-water;  circumstances  which 
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bave  perhaps  not  been  always  sufficiently  attended  to  In  the 
analysis  of  saline  waters. 

After  a  number  of  preliminary  experiments,  in  which  the 
presence  of  no  other  substances  than  what  are  usually  met 
with,  in  waters  of  this  class,  was  detected,  the  method  of 
analysis  recommended  by  the  late  Dr  Murray,  was  re- 
isorted  to. 

1.  One  pint  of  the  water  was  slowly  evaporated  to  a  suffi- 
cient degree,  and  a  saturated  solution  of  muriate  of  barytes 
was  added  as  long  as  any  precipitation  took  place ;  care  being 
taken  to  avoid  any  excess.  The  precipitate  was  collected  and 
dried*  at  a  moderate  red  heat ;  it  weighed  47.5  grains,  and  was 
sulphate  of  barytes,  indicating  16.1  sulphuric  acid.  By  a 
preliminary  experiment,  it  was  ascertained  that  this  precipi- 
tate did  not  effervesce  with  muriatic  acid. 

3.  A  solution  of  oxalate  of  ammonia  was  added  to  the  clear 
liquor,  as  long  as  any  appearance  of  precipitation  took  place. 
The  precipitate  was  washed,  dried,  and  converted  into  a  sul- 
phate by  sulphuric  acid  ;  it  was  then  exposed  to  a  red  heat, 
and  weighed  six  grains,  indicating  2.4  of  lime. 

3.  The  clear  liquor  was  heatea,  and  solutions  of  carbonate 
of  ammonia,  and  phosphoric  acid,  were  added,  the  former 
in  excess,  as  long  as  any  precipitation  was  produced.  This 
precipitate,  washed  and  dried,  was  converted  into  phosphate 
of  magnesia  by  exposure  to  a  red  heat  during  one  hour ;  it 
weighed  thirty-four  grains,  equivalent  to  1 3.6  of  magnesia. 

4.  The  remaining  liquor  was  evaporated  to  dryness,  and 
the  dry  mass,  after  exposue  to  heat  until  no  more  vapours 
escaped  from  it,  was  mially  heated  to  redness.  The  result 
was  96.8  for  the  real  quantity  of  muriatic  acid. 

The  substances  contained  m  this  water  are,  therefore^ 

Sulphuric  acid,  «        *        •        •  .16.1 
Liime,     ••«•••  3.4 

Magnesia,  •        •        .        %  •     13.6 

Iron,  a  trace. 

Soda,. 95. 

Muriatic  acid,     •        •        «        •  •    96*8 

223.9 
VOU  11,-^NO.  1.  13 
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Elements  of  the  Comet  of  1833,  '24«*— In  6ur  kurt  ire  gavd 
the  elements  of  this  comet,  as  computed  bj  Mr  Colbum. 
The  following  is  from  the  Philosophical  Magazine  for  April. 

!•  The  first  are.  by  Mr  J.  Taylor  of  the  Royal  Observa- 
tory, Greenwich.  2.  The  second  are  by  tVoieslor  Nicolai 
ScbUmacfaer,  Astr.  N.  N.  48.  B.  3 :  giving  the  greatest  er- 


ror in  A.  R.  +  18",  in  decL  +  W.     3.  The  third  by  Mr 

4.  The  foifrth  by  Carline.    B.  The 
6.  The  sixth  by   Mr  Richardson 


Hansen,  A.  M.  4ft.  B.  3. 
fifth  by  Dr  Brinkley. 
of  Greenwich. 
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ofo    ; 

—•Ptrihelium. 


Log.  nearest 
distance. 


Inclination. 


1.  802«»  aff  84" 
J2. 303      1    18 
3.  303      3    22 
28    43    54 
28    43    46 
28    29    55 

1.  9.3598242 

2.  9.3579600 
(  3.  9.3553934 
1.  75*  55' 45" 

I  2.  76  9  40 
3.  76   11  22 


Motion  retrograde. 


9.3697  O'  Greenwich 
9.4380     Manheim 
9.47198    Ahona 
9.4792      Greenwich 
9.2168      Greenwich 
9^521      Greenwich 

4.  303*  4'    4" 

5.  303   0  40 

6.  303   1  43 

4.  28  26  i 

5.  29  18  50 

6.  28  20  6 

4.  9.3545000 

5.  9.3689400 

6.  9.3536855 
4.  76*  12'  50 " 
a.  76     1  40 
6.  76     8  28 


Semi-4ecussaHon  of  the  Optic  JVerve^.— ^At  a  late  meeting  of 
the  Royal  Society,  a  paper  was  read,  '*'On  the  Seml-decussa- 
tion  of  the  Optic  Nerves,  by  W.  H.  WolUuian^  M.  D.  V.  P. 
R.  S." 

It  has  been  generally  concluded  by  anatomists,  and  they 
support  the  conclusion  from  the  observation  of  the  arrange- 
ment of  the  optic  nerves,  as  distyictly  seen  in  certain  kinds 
of  fishes,  that  in  the  human  eye,  the  optic  nerves,  after  passing 
from  the  thalami  nervorum  opticorum,  meet,  and  then  pro* 
c^d  apparently  in  union,  though  in  reality  still  separate ;  so 
that  the  right  eye  is  believed  to  be  entirely  supplied  with 
these  nerves  from  the  left  thalamus,  and  the  left  eye  from  the 
right  thalamus ;  and  this  arrangement  is  called  the  decussation 
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9fdu  ofi6c  neroti.  The  consideration  of  a  particular  species  of 
blindness,  however,  has  led  Dr  Wollaston  to  a  somewhat  dif- 
ferent distribution  of  the  optic  nerves.  After  fatigue,  arising 
from  four  or  five  hours'  violent  exercise,  Dr  WoUaston  was 
affected  by  a  partial  blindness,  of  which  he  first  became 
sensible  by  seeing  only  half  the  face  of  a  person  near  him, 
and  next  by  seeing  only  the  termination  ^  son,''  of  the  name 
^ Johnson;^  this  blindness  was  to  the  left  of  the  point  of 
vision  in  each  eye ;  it  was  not  perfect  darkness,  bnt  merely  a 
dark  shade ;  and  in  about  fifteen  minutes,  it  gradually  passed 
ofi^  in  an  oblique  direction  upwards  towards  the  left.  As  it 
was  referrible  to  an  affection  of  the  nerves,  Dr  Wollaston  dki 
not  apprehend  or  experience  any  return  of  it,  other  nervous 
affections  being  produced  by  fatigue.  Some  years  afterwards 
he  again  experienced  this  singular  kind  of  blindness,  without 
any  obvious  cause,  and  first  became  sensible  of  it  likewise  by 
seeing  only  the  half  of  a  person's  face ;  but  in  this  case  the 
right  side  of  both  eyes  was  affected,  and  complete  vision  was 
suddenly  restored  by  the  joy  produced  on  receiving  informa- 
tion of  the  safe  arrival  of  a  friend  fi*om  a  hazardous  enterprise. 
Dr  Wollaston  has  a  friend  who  has  experienced  the  same 
affection  for  seventeen  years  past,  whenever  his  stomach  is 
considerably  deranged ;  another  friend  was  attacked  by.  pain 
at  the  left  temple,  and  at  the  back  of  the  left  eye,  which  was 
succeeded  by  this  sort  of  blindness  on  the  right  side  of  each 
eye;  he  can  see  to  write, — see  the  paper  he  is  writing  upon, 
and  the  pen  he  writes  with, — ^but  not  the  hand  that  guides 
the  pen.  The  affection  in  this  case,  Dr  Wollaston  fears,  is 
a  permanent  one ;  the  pain  first  experienced,  seems  to  have 
arisen  from  some  efiiision  causing  a  degree  of  pressure  on  the 
brain,  and  the  blindness  from  the  continuance  of  this  pressure 
on  the  left  thalamus  nervorum  opticorum. 

Now  all  these  cases  seem  referrible  to  the  partial  insensi- 
bility of  each  retina,  and  they  indicate  that  the  left  side  of 
the  retina  in  each  eye  is  suppKed  with  nerves  from  the  same 
thalamus,  and  the  right  from  tne  opposite  thalamus ;  so  that  the 
nerves  supplying  the  former  alone  decussate,  and  not  those 
of  the  right  side ;  an  arrangement  which  Dr  Wollaston  calls 
the  3emirdecu9$ati(m  of  the  optic  nerves* 

Dr  Wollaston  proceeded  to  illustrate  this  statement  of  the 
distribution  of  the  optic  nerves,  from  that  observed  in  those 
of  fishes:  in  the  sturgeon  the  eyes  are  diametrically  opposite 
to  each  other,  each  on  one  side  of  the  head,  the  left  eye  being 
entirely  supplied  with  nerves  from  the  left  thalamus  of  the 
brain,  and  tne  right  eye  entirely  fron>  the  right  thalamus. 
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The  blindness  above  described,  Dr  Wollaston  remarked,  does 
not  appear  to  be  rare,  but  is  seldom  particularly  noticed,  like 
many  other  things,  because  it  is  not  understoocl. 

This  very  interesting  paj)er  concluded  with  a  short  section 
in  which  l5r  Wollaston  applies  the  sympathy  of  structure  in 
the  eyes,  indicated  by  the  eflfects  just  noticecl,  to  the  explana-* 
tion  of  the  lone;  agitated  question  respecting  the  cause  of 
single  vision  with  two  eyes.  Every  point  in  each  eye  is  sup- 
plied with  a  pair  of  filaments  from  the  same  nerve,  and  the 
two  eyes  thus  sympathize  with  each  other  in  every  point;- 
hence  arises  single  vision  ;  and  hence  also  the  reason  why 
infants  direct  botn  eyes  in  a  corresponding  direction,  instead 
of  sauinting. — [Ann.  Philos.'] 

Nauticai  Magnetic  Premium. — The  Board  of  Longitude  have 
conferred  the  parliamentary  premium  of  five  hundred  pounds 
on  Mr  Barlow,  of  the  Royal  Military  Academy,  for  his  method 
of  correcting  the  local  ma^etic  attraction  of  ships.  The 
great  quantities  of  iron  employed  at  this  time  in  the  construe* 
tion  and  equipment  of  ships  of  war,  produce  so  much  devia-- 
tion  in  the  compass  (varying  according  to  the  direction  of  the- 
ship's  head)  as  to  render  it  almost  an  useless  instrument  in 
certain  situations,  particularly  in  high  northern  and  southern 
latitudes.  It  appears  by  Lieutenant  Foster's  report  of  experi- 
ments made  in  his  majesty's  ship  Conway,  under  the  super- 
intendence of  Captain  msil  Hall,  to  latitude  sixty-one  degrees 
south ;  and  under  that  of  Captain  Clavering,  in  the  recent 
voyage  of  the  Griper  to  latitude  eighty  deerees  north,  that 
the  difference  in  the  bearing  of  an  object  witn  the  ship's  head 
at  east  and  west,  amounted  to  twenty-eight  degrees  before  the 
latter  vessel  left  the  Nore ;  this  difierence  afterwards  amounted 
to  fifty  degrees  at  the  North  Cape,  and  to  seventy-five  degrees 
at  Spitzbergen.  Great,  however,  as  this  effect  was,  the  method 
recommended  by  Mr  Barlow  was  completely  successful  in 
counteracting  it.  This  is  extremely  simple;  it  consists  in 
merely  placing  a  small  plate  of  iron  abaft  the  compass,  in 
such  a  direction  as  to  counteract  in  any  one  place  the  effects 
of  the  other  iron  in  the  ship;  after  which,  without  removing 
it,  it  continues  to  do  the  same  in  all  parts  of  the  world,  what- 
ever change  may  take  place  in  the  dip  or  intensity  of  the 
magnetic  needle.  Three  important  advantages  will  result 
from  this  discovery.  It  will  add  greatly  to  the  safety  of  ves- 
sels in  dark  and  blowing  weather ;  it  will  tend  to  the  general 
correction  of  our  charts  of  variation ;  and  will  dispel  nine  out 
of  ten  of  the  supposititious  currents,  so  liberally  supplied  by 
navigators  lo  account  for  every  remarkable  disagreement  be- 
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tween  reckoning  and  observation^  and  of  which  there  can  be 
BO  doubt,  the  greater  number  have  arisen  from  this  lorhg- 
neglected  error  in  the  compass. — [Phihs.  Mc^J] 

Jfaturt  of  the  luminous  Power  of  the  Glow-worm^  Fire-fly^  ^c* — 
At  a  late  meeting  of  the  Royal  Society,  a  paper  on  the  nature 
of  the  luminous  power  of  some  of  the  lampyrides,  the  glow- 
worm, fire-fly,  &c.,  by  Dr  Todd,  was  read.  This  paper  com- 
mences with  some  general  remarks  on  the  various  causes  to 
which  the  luminosity  of  the  lampyrides  has  been  ascribed ; 
the  explanation  of  Macartney  and  Macaine,  that  the  light 
they  emit  is  a  simple  product  of  vitality,  being  considered  as 
the  true  one.  Dr  Todd  then  proceeds  to  a  minute  account 
of  the  apparent  source,  and  characters  of  the  light  in  the 
several  animals;  describing  the  manner  in  which  its  emission 
is  affected  by  solar  and  other  light,  by  heat,  and  by  certain 
chemical  agents  respectively.  In  the  lampyris  splendidula^ 
or  glow-worm,  the  lignt  is  of  a  fine  topaz  yellow  colour,  with  a 
tinge  of  green,  and  is  extremely  vivid  within  the  compass  of  a 
few  inches,  but  does  not  extend  its  brilliancy  far  around ;  within 
that  space  the  hour  may  be  seen  on  a  watch  by  its  means. 
The  light  of  the  fire-fly  is  a  pale  yellowish  tint,  with  continual 
flashes  of  vivid  light ;  its  variations  are  not  connected  with 
the  motions  of  the  insect's  wings,  nor  are  they  produced,  as 
some  have  affirmed,  by  the  frequent  intervention  of  a  mem- 
brane. This  animal  may  be  seen  shining  in  full  moon-light ; 
which  is  not  the  case  witn  its  congeners.  Irritants  excite  the 
luminous  power  in  all  cases,  and  disorganizing  substances  de- 
stroy it.  Dr  Todd  concludes  that  this  power  is  solely  an 
effect  of  vitality,  and  that  the  light  may  be  considered  as 
animal  light;  being  analogous  to  animal  heat,  which  arises 
from  a  power  of  separating  heat  from  its  combinations  with 
matter.  He  adopts  the  hypothesis  that  its  principal  use  is 
that  of  guidine  the  male  insects  to  the  female :  the  males  al- 
ways approach  any  light ;  and  sometimes  even  the  shining 
females  of  other  species,  until  they  come  very  near  them. 
The  fact  that  the  larvoe,  and  even  the  ova,  possess  a  degree  of 
the  luminous  faculty,  Dr  Todd  does  not  consider  as  militating 
against  this  explanation ;  for  various  organs  are  partially  de- 
veloped in  the  earlier  stages  of  many  animals,  which  are  only 
to  be  used  by  them  when  arrived  at  their  perfect*  state. — 
[Jhm.  PhihsJ] 

Igneous  Meteors. — At  a  late  meeting  of  the  Meteorological 
Society  of  London,  a  paper,  by  Mr  Brayley,  was  read,  on  the 
phenomena  of  igneous  meteors ;  in  the  course  of  which,  the 
phenomena  attending  the  fall  of  the  meteorites  at  Noble- 
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hcftw^i  in  the  state  of  Maine,  described  in  ro).  i.  We  38d 
of  this  Journal,  were  noticed.  Mr  Brayley  pointed  out  a 
remarkable  affinity,  in  mineralogical  characters,  subsisting 
between  these  meteorites,  and  those  which  fell  respectively, 
St  Loutolox  in  Finland,  in  1 822,  at  Jonzac,  in  France,  in  1 8 1 9^ 
and  at  Juvenas,  in  the  same  country,  in  182K  This  affinity 
partly  consists  in  the  strone  resemblance  which  they  all  bear 
to  certain  products  of  volcanoes;  whilst  the  meteorites  of 
several  other  descents  connect  them,  by  a  gradual  transition, 
with  those  whose  characters  are  more  peculiar*  From  these 
and  other  circumstances,  in  conjuction  with  that  of  the  fre-* 

Suent  presence  of  olivine  in  meteorites,  the  author  infers,  that 
le  agencies  which  give  rise  to  volcanic  phenomena,  what* 
ever  these  may- be,  and  however  exerted  b  this  case,  are 
probably  concerned  in  the  production  of  igneous  meteors, 
and  the  bodies  which  descend  from  them. 

Silicon. — Pk'ofessor  Berzelius  has  succeeded  in  obtaining 
the  base  of  silica  in  an  insulated  state.  The  method  consists 
in  acting  by  potassium  on  dry  silicated  fluate  of  potash,  by 
which  means  a  mixture  of  various  substances  is  obtained^ 
which  yields  hydroguret  ot  silicon  by  being  well  washed  with 
water ;  and  when  that  substance  is  neatea  in  a  crucible  thef 
hydroeen  is  burned  off,  and  the  silicon  obtained  pure.  Pro- 
fessor berzelius  has  given  the  results  of  various  experiments 
upon  this  substance ;  among  which  are  the  following.  It  is 
obtained  in  various  states  of  aggregation,  and  its  combusti« 
bility  varies  accordingly,  it  much  resembling  carbon  in  this 
respect;  as  usually  obtained,  it  is  combustible  when  ^ited 
HI  atmospheric  air,  and  in  oxy^n  gas ;  but  in  its  densest  state, 
it  may  become  incandescent  m  the  air  without  burning.  It 
is  very  difficult  to  eflect  its  complete  Combustion ;  200  parts 
of  silicon  unite  to  208  of  oxygen  to  become  silica.  It  wiU  not 
bum  when  heated  with  nitre,  but  is  J^rought  into  combustion 
by  carbonate  of  potash ;  a  curious  circumstance,  which  the 
author  attributes  to  certain  relations  of  affinities.  Silicon 
burns  when  ignited  in  chlorine,  forming  with  it  a  transparent 
colourless  fluid,  having  the  smell  of  cyanogen.  It  is  combus- 
tible in  vapour  of  sulphur,  producing  a  grey  sulphuret,  but 
cannot  in  this  case  be  completely  burned. — Ann.  Philo8.^June.1 
Nea>  Mintrais. — Mr  Brooke  has  lately  described  two  new 
minerals ;  to  one  he  has  given  the  name  Childrenite,  in  honour 
of  Mr  Children,  who  has  contributed  so  much  to  mineralogical 
chemistry ;  the  other  he  has  called  Somervillite.  Childrenite 
was  met  with  in  Devonshire,  and  was  at  first  supposed  to  be 
carbonate  of  iron,  but  Dr  Wollaston  determined  that  it  was 


a  piiosphate  of  alumina  and  iron*  The  primary  form  of  the 
ciystais  ia,  according  to  Sir  Brooke,  a  right  rhombic  prism* 
The  crysuls  scratch  glass,  and  their  colour  is  wine  yellow^ 
rttembling  some  yarieties  of  sulphate  of  barytes. 

Somervillite  was  sent,  among  other  Vesuvian  minerals,  to 
Mr  Brooke,  by  Dr  Somerville  $  the  primary  ibrm  of  tl)e  crys^ 
fals  is  a  right  square  prism ;  colour  a  very  pale  dull  yellow  \ 
they  occur  in  cavities  with  crystallized  black  mica.  This 
substance  might  at  first  view  be  mistaken  for  idocrase ;  but  it 
is  much  softer,  the  cleavage  parallel  to  the  terminal  planes 
much  more  disUnct,  and  the  cross  firacture  more  glossy.  Mr 
ChUdren  has  compared  the  characters  of  this  mineral  under 
the  blow  pipe  with  those  of  idocrase.  When  expend  alone 
isk  the  forceps,  it  slightly  decrepitates,  which  idocrase  does 
not,  and  fuses,  with  greater  dimcuhy  than  idocrase,  into  a 
ffreyish  glass,  the  globule  from  idocrase  being  greenish.  With 
borax,  in  the  reducing  flame,  idocrase  produces  a  light-green, 
and  this  a  colourless  glass. 

Mr  Brooke  has  abo  ascertained  that  the  mineral  called 
kupfirtckaain  by  the  Germans,  is  the  same  as  the  fibrous  ^mt 
flaky  br^ht-green  substance  found  at  Matlock,  and  is  a  car- 
bonate of  copper  and  sine- 

lodim  m  JUtnsra/  WaUrs* — M.  Angelina  has  discovered 
iodine  in  the  waters  of  Sales,  in  Piedmont  -,  and  M.  Kriiffer, 
of  Rostoch,  has  detected  it  in  the..mother  liquor  of  the  saline 
springs  of  Sulzer,  in  Mecklenburgh*Schwerin.  M.  Puchs 
Itts  also  found  the  same  substance  in  the  mother  water  of 
the  Sal  Gem  of  Halle,  in  the  Tyrol.  It  appears,  however, 
that  as  yet  the  iodine  has  not  really  been  separated  from  their 
mother  liquors,  but  its  presence  has  been  ascertained  by  the 
blue  colour  given  to  starch  dissolved  in  nitric  acid,  and  there 
appears  te  be  no  doubts  in  the  minds  of  the  experimenters, 
on  the  reality  of  its  presence. — {Giar.  de  Fisica.'] 

South  Ameriau — M.  Humboldt  communicated  to  the  Aca- 
demy of  Sciences  at  its  last  sitting,  some  very  interesting 
observations  made  by  Messrs  Boussin&rault  and  Reveno. 
These  gentlemen  have  analyzed  an  aerolite,  weighing  seve- 
ral quintals,  which  they  found  in  the  mountains  of  Santa  Rosa,, 
to  the  northeast  of  Santa^-Fe^e-Begota.  They  say,  according 
to  letters  from  Antioquia,  that  a  mass  of  native  gold  has  lately 
beep  found,  weighing  more  than  one-hundred  and  ninety 
pounds.  They  have  proved  the  presence  of  both  sulphuric 
and  muriatic  acids,  in  the  waters  of  a  small  river  which  runs 
from  the  volcano  of  Parac6,  near  Popayan  ,and  which  is  called 
by  the  inhabitants  Vinegar  river.— [rAi7o5.  Mag.] 
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Observations  on  the  Lakes  of  Canada^  ^c. — In  a  memoir  read 
at  a  meeting  of  the  Geological  Society  of  London,  April  23d, 
by  LieutenMit  Portlock,  R.  E.  the  author  described  the  va-. 
rious  nature  of  the  shore,  of  Lakes  Huron,  Michigan,  Erie, 
and  the  other  lakes  of  Canada,  and  annexed  a  plan,  in  which 
a  tabular  view  was  presented  of  the  comparative  level  of  these 
lakes  and  their  communications  with  eacn  other.  At 'the  falls 
of  Niagara,  he  observes,  the  upper  stratum  is  a  firm  compact 
limestone,  resting  on  strata  of  a  very  schistose  nature*  It  is 
not  by  erosion  of  the  surface,  that  the  falls  are  made  to  re- 
cede, but  the  waters  after  falling  one-hundred  and  fifty  feet, 
strike  the  bottom,  and  are  reduced  to  foam ;  they  are  then 
driven  up  into  the  air  far  above  the  rock  whence  they  had 
descended ;  this  penetrating  foam  acts  on  the  lower  aralla- 
ceous  strata,  till  tne  overhanging  rock  is  undermined*  Lieu- 
tenant Portlock  remarks,  that  there  has  been  a  gradual  fall 
in  the  level  of  the  lakes  at  Canada. — [Ann.  Phihs.'] 

J>rew  Locality  of  Apatite. — I  have  latelj  found  tms  mineral 
in  considerable  abundance  at  Billerica,  m  Massachusetts*  It 
occurs  about  two  miles  beyond  the  meeting-house,  on  the 
western  bank  of  Concord  river,  in  a  coarse  granite,  the  felspar 
of  which  is  of  a  beautiful  flesh  red  colour,  and  in  concretions 
of  very  great  size*  This  granite  appears  to  be  a  vein,  and 
ithe  apatite,  which  is  the  conchoidal  variety,  the  asparagus- 
stone,  is  in  distinct  crystals,  which  are  six-sided  prisms  trun- 
cated on  the  lateral  edges*  It  is  probable  that  this  will  be 
found  to  be  the  richest  bcality  of  this  beautiful  mineral,  as 
yet  discovered  in  the  United  States* 

Arsenical  iron  and  Galena  have  been  met  with,  in  small 

?uantity,  in  veins  of  quartz  traversing  granite  and  gneiss,  at 
^unstable  on  the  river  Nashua*    Tourmalin  and  garnets 
occur  at  both  these  localities*  J.  W.  W* 
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Akt.  h — On  Rock  Formaiums.    By  BaIioii  AuouvDtt  Hum« 
BOLDT.    [fdtri*  Jcur^J 

[Gonlaiteii  fipoM  page  21.] 

Fftoir  that  scepticism  which  weuki  deny  the  existence  of 
any  kind  of  regular  order  in  the  position  of  rocks,  it  is  proper 
fbdistii^ish  an  opinion  vihich.  has  sometimes  found  supporters 
among  experienced  obsenrers.    According  to  this  opinion,  the 
formations  ci  gnets&granite,  of  grey  wacke,  of  alpine  limestone, 
^md  of  chalk,  which  haye  a  uniform  superposition  in  different 
eountries,  do  not  very  well  correspMid  among  themselves  as  to 
the  a^e  of  the  homonymous  elements  of  each  series*    It  is 
Aought  that  a  seeondary  rock  may  have  been  formed  on  one 
^poU  of  the  gk>be,  while  transition  rocks  did  not  vet  exist  oa 
another  spot.   In  this  supposition,  no  allusion  is  is  nad  to  those 
grai^tic  rocks  which  are  found  lying  above  limestone  c(hk 
teining  orthoceratites,  and  which  are  consequently  newer 
lilan  the  primitive  rocks.    It  is  a  fact  generally  admitted  at 
1Mb  day,  that  formations  of  analogous  compositum  have  been 
rtpeatedly  deposited  at  epochs  far  removed  from  each  other. 
The  doobt.which  we  are  now  considering,  (though  we  do  not 
partake  in  k),  bears  on  a  point  much  less  clearly  established^— 
the  ascertaining  whether  certain  mica-slate  rocks,  evidently 
skuated  in  the  midst  of  a  country  of  {^imitive  rocks,  and 
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placed  below  those  in  which  the  vestiges  of  organic  life  begin 
to  appear^  are  newer  than  the  secondary  rocks  of  another 
country.  I  confess,  that,  in  the  part  of  the  globe  which  I  have 
had  an  opportunity  of  examining,  I  have  not  seen  any  thing 
that  might  tend  to  confirm  this  opinion.  Granular  syenitic 
rocks  repeated  twice,  perhaps  even  three  times,  in  primitive 
intermediary  (and  secondary)  deposits,  are  analogous  phe-. 
nomena  with  which  we  have  become  acquainted  within  these 
fifteen  years.  This  disagreement  in  regard  to  age  of  great 
homonymous  formations,  does  not  by  any  means  seem  to  me 
to  be  proved  as  yet  by  direct  observations,  made  upon  the 
contact  of  superimposed  formations.  The  chalk  or  Jura  lime- 
stone may,  on  one  hand,  immediately  cover  primitive  granite, 
and,  on  the  other,  be  separated  from  it  by  numerous  secondary 
and  transition  rocks :  these  very  common  facts  demonstrate 
only  the  abstraction,  the  absence,  or  non-development  of  seve- 
ral intermediary  members  of  the  geognostical  series.  The 
greywacke  may,  on  one  hand,  dip  beneath  a  felspar  rock,  or 
rock  of  which  felspar  forms  a  principal  constituent;  for  ex- 
ample, beneath  transition  granite  or  zircon  syenite ;  and,  on 
the  other  hand,  be  superimposed  upon  the  black  limestone 
containing  madrepores ;  but  this  position  shows  only  the  inter- 
eolation  of  a  bed  of  greywacke  between  felspar  rocks.  Since 
the  minute  investigation  of  fossil  organic  bodies  has,  through 
the  important  labours  of  Messrs  Cuvier  and  Brongniart,  dif- 
fused a  new  life  as  it  were  in  the  study  of  the  tertiary  forma- 
tions, the  discovery  of  the  same  fossus  in  analogous  beds  of 
very  distant  countries,  has  rendered  the  isochronism  of  very 
generally  extended  formations  still  more  probable. 

It  is  this  isochronism  alone,  this  admirable  order  of  succes- 
sion, which  seems  given  to  man  to  investigate  with  some  degree 
of  certainty.  -The  attempts  which  theological  geologists  have 
made  to  subject  the  periods  to  absolute  measurements  of  time, 
and  to  connect  the  chronology  of  ancient  cosmogonic  narra- 
tions with  the  observations  ofnature,  could  not  possibly  have 
been  productive  of  satisfactonr  results.  ^  It  has  been  more 
than  once,''  says  M.  RamoncI,  in  a  discourse  replete  with 
philosophical  views,  ^^  thought  that  a  supplement  to  our  short 
annals  might  be  found  in  the  monuments  of  Nature.  There 
is,  however,  enough  of  historical  ages,  to  let  us  see  that  the 
succession  of  physical  ahd  moral  events,  is  not  regulated  by 
the  uniform  progress  of 'time,  and  could  not  conse(]uently  give 
it  measure.  We  see  behind  us  a  series  of  creations  and  de- 
structions, by  meaiis  of  the  strata  of  which  the  crust  of-  the 
earth  is  composed.    They  give  rise  to  the  idea  of  so  many 
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distinct  periods;  but  these  periods,  so  fertile  in  events,  may 
have  been  very  short,  in  comparison  with  the  number  and 
importance  of  the  results.  Between  the  creations  and  de- 
structions, on  the  other  hand,  we  see  nothing,  however  vast 
the  intervals  may  be.  There,  where  all  is  lost  in  the  void  of 
undetermined  antiquity,  the  degrees  of  relative  age  have  no 
appreciable  value;  because  the  succession  of  phenomena  has 
no  longer  the  scale  which  relates  to  the  division  of  time." 
{Memoires  de  P Institute  for  Hit  year  1815,  o.  47.) 

In  the  geognostical  monography  of  a  deposit  of  small  extent, 
for  example,  the  environs  of  a  city,  one  cannot  distinguish  with 
sufficient  minuteness  the  different  beds  which  compose  the  local 
formations,  shelving  banks  of  sand  and  clay,  the  subdivisions 
of  gypsums,  the  strata  of  marly  and  oolitic  limestbne,  desig- 
nated in  England  bv  the  names  of  Purbeck  Beds,  Portland 
Stone,  Coral  Rag,  Kelloway  Rock,  and  Corn  Brash,  then 
acquire  a  great  degree  of  importance.  Thin  beds  of  second- 
ary and  tertiary  formations,  containing  assemblages  of  very 
characteristic  fossil  bodies,  have  furnished,  as  it  were,  a  horizon 
to  the  geoenost.  In  their  prolongation,  whatever  occurs  placed 
above  or  beneath  in  the  order  of  the  whole  series,  has  been 
referred  to  one  of  them.  Even  the  particular  denominations 
by  which  beds  are  distinguished,  are  of  much  importance  in  a 
geognostical  description,  however  whimsical  or  improper  may 
be  their  signification  or  their  origin  as  taken  from  tne  language 
of  miners.  But  while  treating  of  the  relative  position  of  rocks 
on  a  surface  of  great  extent,  it  is  indispensably  necessary  to  con- 
sider the  formations,  or  habitual  associations  of  certain  beds, 
in  a  more  general  point  of  view.  It  is  then  that  discretion  and 
circumspection  are  more  necessary  in  the  distinction  of  rocks,^ 
and  in  their  nomenclature.  The  work  of  M.  Freiesleben  on  the 
Plains  of  Saxony,  wliich  are  upwards  of  seven  hundred  square 
leagues  in  extent  {Ckt^rn  Btschr.  des  Kupferschiefergefnrgesj 
1807 — 16),  presents  a  l^autiful  model  of  the  union  of  local 
observations  and  geognostical  generalizations.  These  generali- 
zations, these  attempts  to  simplify  the  system  of  formations, 
and  to  direct  the  attention  more  especially  to  great  charac- 
teristic features,  should  be  more  or  less  cautiously  conducted, 
according  as  one  describes  the  basin  of  a  river,  an  isolated  ^ 
province,  a  great  country  such  as  France  or  Germany,  or  an 
entire  ccmtinent. 

The  more  minute  the  investigation  of  districts  becomes,  the 
more  does  the  connexion  between  formations  which  appear  at 
first  perfectly  independent,  manifest  itself  by  the'  great  phe- 
nomenon of  alternation;  that  is  to  say,  by  a  periodical  succes- 
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«i0D  of  beds  which  present  a  ceKain  analogy  in  tbeir  compo* 
fiitiion,  and  sometimes  even  in  certain  fossil  organic  bodies.  It 
is  thus  that,  in  the  transition-mountajiis,  for  example,  in  America 
(at  the  entrance  of  tlie  plains  of  Calaboeo),  beds  of  c'reenstone 
and  euphotide,  in  SaxiMi j  (near  Friedrichswalde  ana  Meissen) 
the  clay-slates  with  dance-coal,  the  grej^apkes,  porphyriesi 
black  limestones,  and  greenstones,  constitute,  from  their  frer 
quent  and  repeated  alUrnation^  a  siogie  formation*  It  often 
happens  that  subordinate  beds  appear  only  at  the  extreme 
limits  of  a  formation,  and  assume  tne  aspect  of  an  independent 
formation.  The  cupreous  and  bituminous  marls  {Kvpferechirfer\ 
which  occur  in  Thuringiabetween  the  alpine  limestone  (zechstein) 
^uid  the  red  sandstone  {roihea  li^ende)^  and  which  have  for  agef 
been  extensively  wrought,  are  represented  in  several  parts  ojf 
Mexico,  of  New  Andalusia,  and  of  Southern  Bavaria,  by  mul- 
tiplied beds  of  marly  clay,  more  or  less  carburetted,  and  in- 
cfuded  within  the  alpine  limestone*  Similar  circumstances 
often  giv^  to  gypsums,  sandstones,  and  small  beds  of  compact 
limestones,  the  appearance  of  particular  formations.  Their 
dependence  on  subordination  is  known  by  their  frequent  asso^ 
elation  with  other  rocks,  by  dieir  want  of  extent  and  of  thick* 
ne^  or  by  their  total  suf^ret^ion,  which  is  frequently  observed. 
It  must  not  be  forgot  (and  this  fact  has  struck  me  much  in  the 
^o  hemispheres)  that  the  great  formations  of  limestones,  for 
example,  the  alpine  limestone,  have  iheir  sandstones^  as  the 
very  generally  extended  sandstones  have  Aeir  lim^iom.  beds* 
Thin  beds  of  sandstones,  of  limestones,  and  of  figrpsums,  char^ 
acterize,  in  all  the  SKines,  the  deposites  of  coaTand  rock-«ak 
or  muriatiferous  clay  {salzAcn)^  isolated  deposites,  which  are 
most  commonly  only  covered  by  these  small  local  formations. 
It  is  by  overlooking  these  considerations,  which  should  be 
familiar  to  every  practical  geologist,  that  the  type  of  the  great 
independent  formations  has  been  r^dered  too  complicate. 

The  phenomenon  of  alUmation  manifests  itself,  eitner  locally 
jn  rocks,  siqperimposed  several  times  upon  each  other,  ana 
constituting  a  single  compound  formataaa,  or  in  the  series  of 
formations  considered  in  their  aggrexate.  It  is  either  green- 
stones and  syenites,  slates  and  transitioa  Umestones,  beds  of 
limestones  and  of  n^rl,  that  alternate  immediately,  or  the 
whole  is  a  system  of  mica-slates,  and  of  ^aauW  feldspatUe 
rocks  (granites,  gneisses,  and  syenites),  which  reappear  among 
the  transition  deposites,  and  which  separate  from  the  primitive 
homonymous  system  the  ^ywackes  and  limestones  wiUi 
prthoceratites.  For  the  first  knowledge  of  this  feet,  one  of  the 
iposc  import^t  and  lea$t  studied  ^  modem  geognpsy,  we  are 
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iadebtftd  to  the  beautifiil  observatioas  of  Messrs  Leopold  voa 
Buch,  Brochant,  and  Haussmann.  From  the  circumstance 
|}iat,  in  the  transition,  granular  rocks,  perfectly  destitute  of 
^ganic  remains,  succeed  to  coi]qpact  rocks  which  contain 
these  same  remains,  it  has  been  concluded  by  geognosts  of 
great  name,  that  this  alternation  of  shelly  and  not-sheUy  rocks» 
■lifht  extend  beyond  the  deposites  which  we  call  primitive. 
Ithas  not  been  merely  ask^  if  the  clay-slates,  mica-slates, 
and  gneisses,  su{^rt  the  granites  which  have  been  considered 
as  the  oldest;  the  questicm  has  also  been  agitated,  whether 
greywackes  and  black  limestones  with  madrepores  might  not 
recur  beneath  those  same  granites.  According  to  this  idea, 
the  primitive  and  transition  rocks  would  only  form  a  sbgle 
deposite;  and  the  first  misht  be  regarded  as  intercalated  in  a 
d^wsite  posterior  to  the  development  of  organic  beings,  and 
which  might  penetrate  to  an  unknown  depth  into  the  interior 
of  the  fflobe.  I  confess,  that  no  direct  observation  can  be  as 
yet  admiced  in  support  of  these  opinions.  The  fragments  of 
rocks  which  I  have  seen  contained  in  the  lithoid  lavas  of  the 
volcanoes  of  Mexico,  Quito,  and  Vesuvius,  and  which  are 
thoufi'ht  to  have  been  torn  from  the  bowels  of  the  earth,  seem 
to  bdong  to  altered  rocks  of  granite,  mica-slate,  syenite,  and 
granular  limestone,  and  not  to  greywackes  and  limestone  with 
madrepores. 

We  nave  preserved  in  the  arran^ment  of  rocks  the  ^at 
divisions  known  by  the  name  of  fwimitive,  transition  or  mter- 
mediary  and  tertiary  deposites.  The  natural  limits  of  these 
four  fytkms  tf  rodcs  are  the  clay-«late  with  glance-coal  or 
ampelite  and  lydian  stone,  alternating  with  compact  limestones 
and  greywackes,  the  coal  formation,  and  the  formations  which 
tmrn^iatdy  succeed  the  chalk.  In  geognosy,  as  in  descriptive 
botany,  the  subdivisions  or  small  groups  of  mmilies  have  more 
distinct  characters  than  the  great  divisions  or  classes.  It  is 
the  case  with  all  the  sciences ;  in  which  we  rise  from  indi- 
viduals to  species,  from  species  to  genera,  and  from  these  to 
still  higher  degrees  of  abstraction.  A  method  necessarily 
rests  upon  iifftrmtly  graduated  cAetractions^  and  the  passages 
become  more  frequent  in  proportion  as  the  characters  are  more 
complex.  The  transition  or  intermediary  formations  of  Werner, 
which  M.  de  Buch  has  first  limited  with  the  sagacity  for  which 
he  is  distinguished  (MolPs  JahrK  1798,  b.  ii.  p.  254),  are  con- 
nected by  the  ampelitic  clay-slates,  the  syenites  with  zircons, 
the  granite  sometimes  destitute  of  hornblende,  and  the  anthra- 
cidc  mica-slate,  with  the  primitive  deposite ;  while  the  small- 
grained  greywackes  and  madreporous  and  compact  limestones, 
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connect  them  with  the  coal  sandstones  and  limestones  of  the 
secondary  desposites. 

Porphyries  of  very  different  formations  have  their  principal 
seat  amon^  the  transition  rocks ;  but  they  break  out,  if  we  may 
80  speak,  m  considerable  masses  towards  the  secondary  depo- 
sites,  where  they  are  connected  with  the  coal  sandstone,  while 
they  penetrate  into  the  primitive  class  only  as  subordinate 
rocks,  and  of  little  thickness.  The  progressive  motion,  or,  if  I 
may  be  allowed  to  use  the  expression,  the  extent  of  the  oscil- 
lation of  the  serpentine  and  euphotide,  is  very  different.  Those 
diallage  rocks,  constituting  many  distinct  formations,  rarely 
covered  with  other  rocks,  stop  short  nearly  at  thejower  boun- 
dary of  the  secondary  formations ;  towards  the  bottom  they 
penetrate  into  the  primitive  deposites  to  beyond  the  mica- 
schist.  The  chalk  seems  to  present  a  natural  limit  to  the 
tertiary  formations,  which  were  first  .characterised  by  Messrs 
Cuvier  and  Brongniart,  and  justly,  as  deposites  entirely  dif- 
ferent from  the  last  secondary  formations,  described  by  the 
Freyberg  School  {Geogr,  Miner*  des  Environs  des  Paris^  p.  8 
and  9.)  Struck  with  the  relations  which  exist  between  the 
tertiary  deposites  and  the  beds  beneath  the  chalk,  M.  Brong- 
niart has  even  recently  proposed  to  designate  the  tertiary  for- 
mations by  the  name  of  upper  secondary  deposites,  (oitr  h 
gisement  des  Opkiolithes^  p.  37).  Compare  also  the  very  inter- 
esting geognostical  discussions  contained  in  M.  de  Bonnard^s 
Traiti  des  Roches,  p,  138,  210,  and  212.) 

The  distinction  of  four  deposites  which  we  have  successively 
named,  and  of  which  three  are  posterior  to  the  development 
of  organic  life  upon  the  globe,  appears  to  me  worthy  of  being 
retained,  notwithstanding  the  passage  of  some  formations  to 
others  of  a  very  different  character,  and  notwithstanding  the 
doubts  which  several  very  distinguished  ^eognosts  have  founded 
upon  these  passages.  The  classification  of  dqsosites  marks 
great  epochs  of  nature ;  tor  example,  the  appearance  of  some 
pelade  animals  (zoophytes,  cephalopodous  moUusca),  and  the 
simultaneous  destruction  of  an  enormous  mass  of  monocotyle- 
dons. It  presents  as  it  were  points  of  rest  to  the  mind,  and 
by  keeping  in  view  that  the  formations  themselves  are  much 
less  important  than  the  great  divisions,  we  have  often  an  oppjor- 
tunity,  on  advancing  from  high  mountains  toward  the  plains, 
of  observing  the  varied  influence  which  the  association  of 
primitive  and  transition  rocks,  and  that  of  secondary  and  ter- 
tiary ones,  have  exercised  upon  the  inequality  and  configura- 
tion of  the  ground.  It  is  owing  to  this  influence,  that  the  aspect 
of  the  landscape,  the  form  of  mountains  and  platforms,  ana  the 
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character  of  the  vegetation,  vary  less,  when  we  travel  parallel 
to  the  direction  of  the  beds,  than  on  cutting  them  at  a  right 
angle*     {Greenau^h,  Crit*  Exam*  of  Geology^  p.  38). 

I  continue  by  following  Messrs  de  Buch,  Freiesleben,  Bro- ' 
chant,  Beudant,  Buckland,  Raumer,  {Geb.  von  Nieder-Schles., 
1819),  and  other  celebrated  ^eoenosts,  to  group  the  indepen- 
dent formations  according  to  me  divisions,  into  primitive  transi- 
tion, secondary,  and  tertiary  deposites,  without  troubling  my- 
self about  the  impropriety  of  the  greater  number  of  these 
denominations*  I  continue  to  separate  the  clay  (with  lignites) 
superimposed  upon  the  chalk,  from  that  which  is  beneath  it, 
and  the  chalk  itself  from  the  more  ancient  secondary  forma- 
tions* But  these  distinctions,  by  beds  and  groups  of  beds,  so 
useful  in  the  description  of  a  (^posite  of  small  extent,  ought 
not  to  prevent  the  ^eognost,  when  he  tries  to  rise  to  a  more 
general  point  of  view,  from  connecting  these  clays  and  the 
chalk  with  the  Jura  limestone,  and  from  regarding  them  as  the 
last  strata  of  this  great  formation,  composed  of  calcareous  and 
marly  beds.  The  inferior  beds  of  the  chalk  (tuffeau)  contain 
ammonities*  The  limestone  of  the  mountain  of  St  Peter  of 
Maestricht  indicates,  as  has  already  been  observed  by  Messrs 
Omalius  and  Brongniart  {Ge^r»  Miner*^  p*  13),  the  passage  of 
the  chalk  to  older  secondary  limestones*  Near  Caen,  accord- 
ing to  the  beautiful  observations  of  M*  Prevost,  the  clays  be- 
neath the  chalk  contain  those  same  lignites  which  occur,  in 
greater  quantity,  in  the  clay  which  is  situated  immediately 
above  the  chalk:  cerites,  which  bring  to  mind  the  coarse 
limestone  of  Paris,  are  seen  in  a  limestone  with  trigonias, 
placed  between  clays  inferior  to  the  chalk  and  the  oolitic 
beds*  I  do  not  insist  upon  these  particular  facts ;  I  mention 
them  only  to  prove,  bv  a  striking  example,  how,  on  bringing 
together  facts  observed  in  different  points  of  the  same  country, 
the  great  phenomenon  of  cUtemaiion  reveals  to  us  the  connexions 
between  formations  which  at  first  sight  appear  to  have  nothing 
in  common*  It  is  the  property  of  those  beds  which  alternate 
with  one  another,  of  those  rocks  which  succeed  each  other  in 
periodical  series^  to  present  the  most  marked  contrast  in  the  two 
Deds  which  immediately  follow  each  other.  In  geognosy,  as 
in  the  different  parts  of  descriptive  natural  history,  the  advan- 
tage of  classifications  of  variously  graduated  sections  must  be 
recognized,  without  losing  sight  of  the  unity  of  nature ;  and 
those  who  have  contributed  tne  most  to  the  advancement  of 
natural  philosophy,  have  possessed  at  once  both  the  tendency 
to  generalize,  and  the  exact  knowledge  of  a  mass  of  particu- 
lar  facts*  * 
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It  has  been  castomary  to  feraiinate  the  series  ef  depoaites 
by  the  volcanie  rocks,  and  to  make  them  seeceed  the  seeond> 
ary  and  tertiary^  and  even  the  alluvial  deposites*  In  a  sys^ 
tem  constructed  upon  the  principle  of  relative  antiquity,  this 
arragement  seems  to  me  to  have  little  to  recommend  it.  It  is 
irithout  doubt  the  case  that  lithoid  lavas  Sffe  spread  over  the 
most  recent  f<M*maftionSf  even  over  beds  of  gravel;  nor  can  it 
be  denied  that  there  exist  volcanic  productions  of  different 
^epochs :  but,  from  what  1  have  observed  in  the  Cordilleras  of 
Peru,  of  Quito,  and  of  Mexico^  in  a  part  <^  the  world  so  cele- 
brated for  the  frequency  of  volcanoes,  it  seems  to  me,  that  the 
chief  site  of  subterranean  fires  is  in  the  transition  rocks,  and 
beneath  those  rocks.  I  have  (Observed,  that  all  the  burmng 
or  extinct  craters  of  the  Andes  open  in  the  midst  of  trap 
porphyries  or  trachytes,  (BerL  AVhmdU  der  Kon*  Aeod.  1-8^13^, 
p^  131),  and  that  these  trachytes  are  connected  with  the  great 
transition  porphyry^  and  syemto  formati<m^  According  to  this 
observation,  it  appears  more  natural  tome  to  make  the  second- 
ary and  volcanic  deposttes  to  feHow  the  transition  deposite  in 
a  parallel  manner,  and  as  by  bisection.  By  this  new  a^rrange*- 
ment,  the  formation  ei  porphyries,  syenites,  and  greywackes^ 
or  that  ei  transition  poiphyries^  syenites,  and  granites,  occurs 
connected  at  the  same  time;  \at^  With  the  porphyries  of  the 
red  sandstone  in  the  secondary  coal-depesite ;  3d^,  With  the 
trachytes  or  trap  p<vphyries  which  are  destitute  of  quartz, 
and  mixed  with  pyroxene.  I  einploy  with  regret  the  term 
volcanic  UrrBiny  not  that  I  doubt,  tike  those  who  designate  the 
trachytes,  basaks  snd  phonolites  (porphyrschiefer),  by  the 
name  of  trap  hrrait^  that  aR  which  I  have  associated  in  the 
vokanic  terrain  has  not  been  produced  or  altered  by  fire; 
but  because  several  rocks,  intercalated  between  the  (primi- 
tive?) tranMtion  and  secondeiry  rocks^  might  also  be  vokanic. 
I  would  rather  wish  to  avoid  every  (historical)  idea  of  the 
origin  of  things,  in  a  (statistical)  view  of  relative  situation  or 
superposition.  At  Skeen,  in  Norway,  a  basaltic  and  poronA 
syenite,  containing  pyroxenes,  is  placed,  according  to  the  obser- 
vation  of  M.  de  Buch,  between  the  transition  hmestone  and 
the  syenite  with  zircons.  It  is  a  bed,  not  a  dike;  and  this 
is  a  much  less  problematical  phenomenon  than  the  basak 
{Urgrimskifk,  Budu  Gtogfu  Beob.  />.  134,  end  Ratumer^  GhranU 
des  Riesa^dnreeSj  p»  70),  contained  in  the  mica*«chist  of 
Krobsdorf  in  Silesia.  The  trachytes,  with  obsidian  of  Mexico, 
are  intimately  connected  with  the  transition  porphyries  which 
alternate  with  syenites.  The  amygdak>id  belonging  to  thef 
red  sandstone,  asslumes,  on  the  Continent  of  Europe,  and  ist 
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Equinoctial  America,  all  the  appearance  of  an  amygdaloid  of 
the  basaltic  formation.  M.  Boue,  in  his  interesting  Essai 
Crtohgigtu  sur  PEcosee^  la.  126,  162,  has  described  pyroxenic 
rocks  (dolerites)  included  in  the  red  sandstone*  Without 
prejudging  any  thing  regarding  the  origin  of  these  masses,  or 
m  seneraf  regarding  that  of  all  the  primitive  and  transition 
n>cks,  we  designate  here,  by  the  name  of  Volcanic  Terrains, 
the  least  interrupted  series  of  rocks  altered  by  fire. 

In  drawing  up  the  enumeration  of  the  different  rocks,  I  have 
made  use  of  the  names  most  generally  employed  by  the  geo* 
rnofits  of  France,  Germany,  England,  and  Italy  :  in  attempt- 
ing to  perfect  the  nomenclature  of  formations,  I  shoul(l  oe 
apprehensive  of  adding  new  difficulties  to  those  which  the 
.  discussion  of  relative  positions  already  presents.  I  have,  how- 
ever, carefully  avoided  the  denominations,  too  long  preserved, 
ef  under  and  vpper  limestone;  of  gypsum  of  the  firsts  second^  or 
third  formation^  of  old  and  new  red  sandstone^  &c.  These  de- 
nouMnations  without  doubt  present  a  true  geognostical  charac- 
ter; they  have  relation,  not  to  the  composition  of  rocks,  but 
to  their  relative  age.  However,  as  the  general  type  of  the 
ibrmatioDS  of  Europe  cannot  be  modelled  after  that  of  a  single 
district,  the  necessity  of  admitting  parallel  formations  {stch 
'wertrttmde  Gebirgsarten)^  renders  the  names  of  first  or  second 
gypsum,  of  old  or  middle  sandstone,  extremely  vague  and  ob- 
scure. In  one  country  it  is  proper  to  consider  a  bed  of  gyp- 
sum or  of  common  sandstone  as  a  particular  formation ;  while 
in  another,  it  should  be  regarded  as  subordinate  to  neighbor- 
ing formations.  The  geographical  denominations  are  without 
doubt  the  best ;  they  give  rise  to  precise  ideas  of  superposi- 
tion. When  it  is  said  that  a  formation  is  identical  with  the 
porphyry  of  Christiania,  the  lias  of  Dorsetshire,  the  sandstone 
of  Nebra  (bunter  sandstein),  the  coarse  limestone  of  Paris, 
these  assertions  leave  no  doubt  in  the  mind  of  an  experienced 
geognost,  regarding  the  position  which  is  to  be  assigned  to  the 
formation  in  question.  It  is  also  by  silent  convention,  as  it 
were,  that  the  words  zechstein  ofThuringia,  Derbyshire  Limestone, 
Paris  Formations^  &c.  have  been  introduced  mto  mineralori- 
cal  language.  They  express  a  limestone  which  immediately 
succeeds  the  red  sandstone  of  the  coal  deposite,  a  transition 
limestone  placed  beneath  the  coal  sandstone,  and  lastly,  for- 
mations of  more  recent  origin  than  the  chalk.  The  only  dif- 
ficulties which  the  multiplicity  of  these  geographical  denomi- 
nations presents,  consist  in  the  choice  of  names,  and  in  the 
degree  of  certainty  which  may  have  been  acquired,  regarding 
the  position  or  relative  age  of  the  rock  to  which  the  others  are 
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referred.  The  English  geognosts  look  upon  the  continent  for 
their  lias  and  red  marl;  the  German  for  their  hurUe  sandstein 
and  muschelkalL  These  words  present  themselves  in  the. 
minds  of  travellers  associated  with  remembrances  of  localities. 
It  is  not  of  so  much  importance,  therefore,  to  produce  precise 
ideas,  as  to  make  choice  of  localities  generally  known,  and 
which  are  celebrated,  either  by  the  working  of  mines,  or  by 
descriptive  works. 

In  order  to  diminish  the  effects  of  national  vanity,  and  to 
attach  new  names  to  more  important  objects,  I  proposed  a  lone 
time^ago,  (1795),  the  denomination  of  Alpine  Ltme^lcme,  and 
Jura  Limestone.  A  portion  of  the  High  Alps  of  Switzerland, 
and  the  greater  part  of  Jura,  are  without  doubt  formed  of 
these  two  rocks :  the  names,  however,  generally  received  at 
the  present  day,  of  Alpine  Limestone  (Zechstein),  and  Jura 
Limestone,  should  in  my  opinion  be  modified  or  entirely  aban- 
doned. The  lower  beds  of  the  Jura  mountains,  filled  with 
gryphites,  belong  to  an  older  formation,  perhaps  to  the  zech- 
stein ;  and  a  great  part  of  the  limestone  of  the  Alps  of  Swit- 
zerland assuredly  is  not  zechstein ;  but,  according  to  Messrs 
de  Buch  and  Escher,  transition  limestone.  It  would  therefore 
be  better  to  choose  the  geographical  names  of  rocks  froto 
among  the  names  of  isolated  mountains,  the  whole  visible  mass 
of  which  belongs  only  to  a  single  formation,  than  to  derive 
them,  as  I  have  erroneously  done,  from  entire  chains.  I  have 
thought,  and  many  geognosts  have  formed  the  same  opinion, 
that  the  Jura  limestone  (cavernous  limestone  of  Franconia) 
was  generally  placed  upon  the' continent,  beneath  the  Nebra 
sandstone,  (bunte  sandstein),  between  this  sandstone  and  the 
zechstein.  Subsequent  observations  have  proved,  that  the 
name  of  Jura  Limestone  had  with  reason  been  applied  to 
rocks  which  are  very  distant  from  the  mountains  of  Western 
Switzerland ;  but  that  the  true  geognostical  place  of  this  for- 
mation, (when  there  is  not  a  srqypression  of  the  inferior  forma- 
tions), occurs  above  the  Nebra  sandstone,  between  the  shell- 
limestone  (muschelkalk,  or  the  quadersandstein),  and  the 
chalk.  A  geographical  name,  justly  applied  to  several  analo- 
gous rocks,  renders  us  attentive  to  their  identity  of  relative 
position ;  but  the  pltice  which  homonymous  rocks  ought  to 
occupy  in  the  total  series,  is  not  well  determined  except  when 
the  geographical  name  has  been  selected,  after  having  ac- 
quired a  perfect  certainty  regarding  their  position.  Circum- 
stances are  the  same  with  regard  to  the  relative  age  of  the 
raolasse  of  Argovia,  (naeelfluhe  and  of  the  Pirija  quadersand- 
stein (gres  blanc  of  M.  ae  Bonnard),  two  rocks  of  very  recent 
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origin,  which  have  been  very  well  examined  separately,  but 
whose  relations  to  each  other,  and  to  the  chalk  and  Jura 
limestone,  have  only  been  illustrated  of  late.  One  may  there- 
fore be  pretty  sure  of  having  met  in  the  New  Continent  with 
rocks  identical  with  the  momsse  or  quadersandstein,  without 
being  able  to  pronounce  with  certainty  upon  theii*  relations 
with  all  the  secondary  or  tertiary  rocks.  When  rocks  are 
not  immediately  in  contact,  and  are  not  covered  by  deposites 
of  known  position,  their  relative  age  can  only  be  conjectured 
from  simple  analogies. 

The  terms  of  the  geognostical  series  are  either  single  or 
comfltx.  To  the  simple  terms  belong  the  greater  number  of 
the  primitive  formations :  the  granites,  gneisses,  mica-slates, 
clay-slates,  &c;  The  complex  terms  occur  in  greater  num- 
bers among  the  transition  rocks :  there,  each  formation  includes 
an  entire  group  of  rocks,  which  alternate  periodically.  The 
terms  of  tne  series  are  not  transition  limestones  or  grey  wackes, 
constituting  independent  formations ;  they  are  associations  of 
clay-slate,  greeivstone,  and  creywackej  of  porphyry  and  grey- 
wacke;  of  granular  and  steatitic  limestone,  and  of  conglomerates, 
composed  of  primitive  rocks ;  of  claynslate  and  black  limestone. 
When  these  associations  are  formed  of  three  or  four  rocks 
which  alternate,  it  is  difficult  to  give  them  significant  names, — 
names  indicative  of  the  whole  composition  of  the  group, — of 
all  the  partial  members  of  the  complex  term  of  the  series.  It 
may  then  assist  in  fixing  the  groups  in  the  memory,  to  retrace 
the  rocks  which  predominate  in  them,  without  being  absolutely 
wanting  in  the  neighbouring  groups.  It  is  in  this  manner  that  the 
granular  steatitic  limestone  characterises  the  Tarantaise  forma- 
tion ;  the  greywacke,  the  great  transition  formation  of  the  Hartz 
and  of  the  banks  of  the  Khine ;  the  metalliferous  porphyries 
rich  in  hornblende,  and  almost  destitute  of  quartz,  the  forma*- 
tion  of  Mexico  and  of  Hungary.  If  these  phenomena  of  alter- 
nation attain  their  maximum  in  the  transition  districts,  still 
they  are  not  entirely  excluded  from  the  primitive  and  second- 
ary terrain.  In  both  of  these  terrains,  complex  terms  are 
mixed  with  the  simple  terms  of  the  geognostical  series.  I 
fihall  mention  among  the  secondary  formations,  the  sandstone 
placed  below  the  alpine  limestone,  (the  Nebra  sandstone,  bunte 
sandstein),  which  is  an  association  of  marly  clay,  sandstone 
and  ocjlites ;  the  limestone  which  covers  the  red-sandstone  of 
the  coal-formation  (the  zechstein  or  alpen-kalkstein),  which  is 
a  less  constant  association  of  limestone,  of  (muriatiferous)  gyp- 
sum,  of  stinkstone  and  of  pulverulent  bituminous  marl.  In  the 
primitive  class  we  find  the  three  first  terms  of  the  series ;  the 
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oldest  rocks  either  isolated,  or  alternating  two  and  two,  ao 
cording  as  they  are  geoenosticallj  more  approximated  by^ 
their  relative  age,  or  the  wnole  three  alternating.    The  granite 
sometimes  forms  constant  associations  with  the  gneiss,  and  the 

Keiss  with  the  mica-slate.    These  alternations  follow  particu* 
*  laws :  we  see,  (for  example  in  Brazil,  and,  although  less 
distinctly,  in  the  maritime  chain  in  Venezuela),  the  granite, 

ipeiss,  and  mica-schist  in  a  triple  association ;  but  I  have  not 
ound  granite  alternating  alone  with  mica-slate,  or  gneiss  and 
mica-state  alternating  by  themselves  with  clay-slate. 

We  must  not  confound,  and  on  this  point  i  have  often  in- 
sisted in  the  present  article,  rocks  passing  insensibly  to  those 
which  are  in  immediate  contact  with  them ;  for  example,  mic»* 
slates,  which  oscillate  between  gneiss  and  clay-slate,  with  rocks 
which  alternate  with  one  another,  and  which  preserve  all  their 
distinctive  characters  of  composition  and  of  structure.  M« 
D'Aubuisson  has  long  ago  shewn  how  chemical  analysis 
approximates  the  clay-slate  to  mica.  {Journal  de  Physique^ 
vol.  Ixviii.  p.  128;  Traiti  dt  Gfognosie^  vol.  ii.  p»  97).  'Lh^ 
first,  it  is  true,  has  not  the  metallic  lustre  of  mica-«late ;  it 
contains  a  little  less  potash,  and  more  carbon ;  the  silex  does 
not  unite  into  nodules  or  thin  laminae  of  quartz,  as  in  the  mica- 
riate ;  but  it  cannot  be  doubted,  that  scales  of  mica  form  the 
principal  base  of  the  clay-slate.  These  scales  are  so  joined 
together,  that  the  eye  cannot  distinguish  them  in  the  mass* 
It  IS  perhaps  this  same  affinity  which  prevents  the  alternation 
of  clay-slates  and  mica-slates :  for  in  these  alternations  Mature 
seems  to  favor  the  association  of  heterogeneous  rocks ;  or,  to 
make  use  of  a  fi^rative  expression,  she  delights  in  the  asso- 
ciations whose  alternating  rocks  present  a  great  contrast  of 
crystallization,  of  mixture,  and  of  colour.  At  Mexico^  I  have 
seen  dark  greenstones,  alternate  thousands  of  times  with 
reddish-white  syenites,  abounding  more  in  quartz  than  in  fel- 
spar. In  this  greenstone  there  were  veins  of  syenite,  and  in 
the  syenite  veins  of  greenstone ;  but  none  of  the  two  rocks 
passed  iato  the  other.  {Essai  politique  sur  la  Xouvelh  Espagne^ 
V.  ii.  p«  523).  They  present  at  the  limit  of  their  mutual  con- 
tact, differences  as  marked  as  the  porphyries  which  alternate 
with  the  greywackes  or  with  the  sj^fenites,  as  the  black  lime* 
stones  which  alternate  with  the  transition  clay-slates,  and  so 
many  other  rocks  of  entirely  heterogeneous  composition  and 
•  aspect.  Further,  when,  in  primitive  deposites,  rocks  more 
related  hy  the  nature  of  their  composition  than  by  their  struc- 
ture or  mode  of  aggregation,  for  example,  the  granites  and 
gneisses,  or  the  gneisses  and  mica-schists,  alternate;  thesQ 
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rocks  do  not  foy  any  means  show  the  same  tendency  to  pass 
into  each  other,  as  they  present,  when  isolated  in  tormations 
which  are  not  of  a  complex  character.     We  have  already 
observed,  that  often  a  bed  jB,  becoming  more  frequent  in  the 
rock  «,  announces  to  the  traveller  that  the  simple  formation  «, 
is  to  be  succeeded  by  a  compound  formation,  in  which  «  and 
jB  alternate.     Farther  on,  it  happens,  that  jB  assumes  a  greater 
development;  that « is  no  longer  an  alternating  rock,  but  a 
simple  bed  subordinate  to  /3,  and  that  this  rock  fi  shows  itself 
alone,  until,  by  the  frequent  repetition  of  beds  y,  it  becomes 
the  precursor  of  a  compound  formation  jS,  alternating  with  y. 
We  might  substitute  for  these  signs  the  words  granite,  gneiss, 
and  mica-slate ;  those  of  porphyry,  greywacke,  and  syenite ; 
of  gjrpsum,  marl,  and  fetid  limestone  (stinkstein).    Pasigraphic 
language  has  the  advantage  of  generalizing  the  problems ;  it 
is  more  conformable  to  the  wants  of  gtovnosticalphiloscphy^  of 
which  1  attempt  to  present  here  the  first  elements,  in  so  far  as 
they  have  relation  to  the  study  of  the  superposition  of  rocks. 
Now,  if  often  between  formations  which  are  simple  and  very 
closely  allied,  in  the  order  of  their  relative  antiquity,  between 
the  formations  «,  /9,  y,  there  occur  compound  formations  inter- 
posed, M  and  jSy,  (that  is  to  say,  «  alternating  with  /S,  and  /S 
alternating  with  y) ;  we  observe,  also,  although  less  frequently, 
that  a  formation  (for  example  •),  assumes  so  extraordinary  an 
increase,  that  it  envelopes  tne  formation  /3 ;  and  that  iS,  instead 
of  showing  itself  as  an  independent  rock,  placed  between  «  and 
y,  is  now  nothing  but  a  bed  in  «•    It  is  thus,  that,  in  Lower 
Silesia,  the  red-sandstone  contains  the  formation  zechstein ;  for 
the  limestone  of  Runzendorf,  filled  with  impressions  of  fishes, 
and  analogous  to  the  bituminous  marl,  abounding  in  fishes,  of 
Thuringia,  is  enttely  developed  in  the  coal-formation.   (Buch, 
JBeofr.  vol.  i.  p.  104,  157 ;  la.  Reisenach  Norwegen,  vol  i.  p, 
1 58 ;  Raumer,  Gebirge  von  Nudtr-schUsim^  p.  79).  M.  Beudant, 
Fay.  Jtfincr.,  vol.  iii.  p.  183.,^  has  observed  a  similar  phenome- 
non in  Hungary.     In  other  districts,  for  example,  in  Switzer- 
land, at  the  southern  extremity  of  Saxony,  the  red-sandstone 
disappears  entirely ;  because  it  is  replaced,  and,  so  to  speak, 
overcome  by  a  prodigious  development  of  greywacke  or  of 
alpine  limestone.    (Friesleben,  Kupfersch.  p.  109).    These 
efiects  of  the  alternation  or  unequal  development  of  rock,  are 
so  much  the  more  worthy  of  attention,  that  their  study  may 
throw  light  upon  some  apparent  deviations  from  a  generally 
acknowledged  type  of  superposition,  and  that  it  may  serve  to 
a  common  type  tne  series  of  position  observed  in  very  distant 
countries. 
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In  order  to  desd^ale  the  formations  composed  of  two  rocks 
which  alternate  with  another,  I  have  generally  preferred  the 
words  granite  and  gneiss^  syenite  and  greenstone^  to  the  more 
commonly  adopted  expressions  of  granite-gneiss^  syenite-greenr 
stone.  I  was  apprehensive  that  this  last  method  of  designating 
formations  composed  of  alternating  rocks,  might  rather  give 
rise  to  the  idea  of  a  passage  from  granite  to  gneiss,  from 
syenite  to  greenstone.  In  fact,  a  geognost,  whose  works  upon 
the  trachytes  of  Germany  have  not  been  sufficiently  appre- 
ciated, M.  Nose,  has  already  made  use  of  the  words  granite- 
porphyries  and  porphyry-granites^  to  indicate  varieties  of  struc- 
ture and  aspect,  to  separate  the  porphyritic  granites  from 
porphyries,  which,  from  the  frequency  of  crystals  imbedded 
m  the  mass,  presents  an  ag^egational,  a  true  granitic  structure. 
By  adopting  the  denominations  of  granite  andgneiss,  of  syenite 
and  porphyry,  of  greywacke  and  porphyry,  of  limestone  and 
clay-slate,  no  doubt  is  left  regarding  the  nature  of  the  complex 
terms  of  the  geognostical  series.* 

M.  Humboldt  next  proceeds  to  consider  the  natural  history 
of  fossil  organic  remams,  as  connected  with  formations. 


Art.  XVI. — Extracts  from  an  Analysis  of  the  Transactions  of  the 
Royal  Society  of  Edinburgh^  vol.  x.  part  1,  in  tlie  Edinburgh 
Philosophical  Journal^  April^  1824. 

The  part  of  the  Edinburgh  Transactions  which  has  just 
appeared,  contains  fifteen  papers,  illustrated  by  nine  plates. 
The  following  brief  analysis  of  these  papers,  with  their  titles, 
will  convey  to  our  readers  some  idea  of  their  contents. 

1 .  On  the  Existence  of  Two  New  Fluids  in  the  Cavities  of  Minerals^ 
which  are  immiscible^  and  possess  remarkable  Physical  Proper^ 
ties.  By  David  Brewster,  LL.  D.  F.  R.  S.  Lond.  and  Sec. 
R.  S.  Edin.— P.  1—41. 

In  the  preceding  Numbers  of  this  Journal,  we  have  already 
given  an  abstract  of  the  first  seven  sections  of  this  paper.  In 
the  8th  section,  which  treats  of  the  phenomena  of  a  single  fluid 


^  TranslBted  from  Essai  Geogoostique  par  Baron  Alexandre  de  Humboldt. 
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in  the  cavities  of  minerals  and  artificial  crystals,  the  author 
describes  seventeen  specimens  of  minerals  and  ai'tiiicial  crys- 
tals which  contain  cavities  generally  filled  with  water.  One 
of  the  finest  of  these  specimens  is  from  the  cabinet  of  Mr 
Thomson  of  Fourth  Street,  and  which  originally  belonged  to 
the  King  of  Kandy.  Besides  an  aqueous  fluid,  the  cavity 
contains  several  pieces  of  opaque  solid  matter,  which,  with  a 
little  management,  may  be  seen  falling  from  one  side  of  it  to 
the  other*  The  particular  descriptions  contained  in  this  sec- 
tion, can  only  be  understood  from  the  drawings  which  accom- 
pany the  paper. 

4.  On  the  Formation  of  Chalcedony*     By  Sir  G.  S.  Mackenzie, 
Bart.  F.  R.  S.  Lond.  and  Edin.— P.  82-105. 

In  this  paper  Sir  G.  Mackenzie  divides  the  different  chalce- 
donies into  Massive,  Parallel,  Botryoidal,  and  Pendulous.  He 
considers  most  of  these  varieties  as  of  igneous  oriein,  and  he 
conceives  that  the  pendulous  chalcedony  may  nave  been 
formed  from  vapour.  As  the  greater  part  of  this  paper  con- 
sists of  the  description  of  highly  interesting  specimens  in  the 
collection  of  the  learned  Baronet,  it  is  not  easy  to  put  the 
reader  in  possession  of  the  curious  facts  which  he  has  ob- 
served.   We  must,  therefore,  refer  him  to  the  memoir  itself. 

6.  Description  of  Hopeite^  a  New  Mineral  from  Altevherg^  near 
Aix-la-Chapelle.  By  David  Brewster,  LL.  D.  F.  R.  S. 
Lond.  and  Sec.  R.  S.  Edin.— P.  107-111. 

This  mineral  was  considered  by  the  Abbe  Hauy  as  a  Stilbite, 
and  by  Mr  Brooke  as  silicate  of  zinc ;  but,  by  an  examination 
of  its  optical  characters,  Dr  Brewster  found  it  to  be  a  mineral 
entirely  new,  to  which  he  gave  the  name  of  Hopeite^  in  com- 
pliment to  Dr  Hope,  the  eminent  Professor  of  Chemistry,  in 
the  University  of  Edinburgh.  This  opinion  was  afterwards 
confirmed  by  a  crystallographic  examination  of  the  mineral 
by  Mr  Haidinger,  and  by  a  chemical  examination  of  it  with 
the  blow-pipe  by  M.  Nordenskjold  of  Abo. 

8.  On  a  Remarkable  Case  of  Magnetic  Intensity  of  a  Chronometer* 
By  George,  Harvey,  Esq.  M.  G.  S.  M.  A.  S.  &c. — P. 
117-126. 

This  ingenious  and  able  paper  will  be  regarded  by  philoso- 
phers as  adding  very  important  information  to  that  which  has 
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already  been  laid  before  the  public  by  Varley,  Fisher,  Barlovr, 
and  Scoresby.  Mr  Harvey  found,  by  Coulomb^s  apparatus, 
that  a  box  chronometer  exhibited  singular  proofs  of  strong 
and  active  magnetism.  It  contained  a  remarkable  quantity  of 
steel,  and  every  part  of  it  exhibited  vigorous  polarity.  Every 
screw  displaved  its  influence,  and  the  frame  alone  contained 
ten  large  and  several  small  screws ;  andthe  same  intense  and 
active  magnetic  power  was  exhibited  by  the  chain,  the  axles 
of  the  wheels  and  pinions,  the  arbor  of  the  fusee,  and  the 
balance  of  its  springs*  Mr  Cox,  the  agent  for  Arnold's  chro- 
nometer at  Plymouln,  remarked,  when  Tie  saw  this  chronome- 
ter, that  it  appeared  nothing  less  than  a  magazine  of  magnets. 
Mr  Scoresby  recommends  platina,  or  an  alloy  of  platina,  for 
the  balance  of  chronometers.  Gold  is  said  to  be  considered 
as  well  adapted  for  the  balance  spring. 

9.  Remarks  concerning  the  Kaiural  Historical  Determination  of 
Diallc^e.     By  William  Haidinoer,  Esq. — P.  127-147. 

In  this  paper,  the  Green  Diallage  of  Haiiy  is  demonstrated 
always  to  be  a  composition  of  thin  jfilms  of  Plornblende  and  of 
Aucite,  sometimes  pure,  sometimes  the  two  species  blended 
witE  each  other,  besides  this,  the  paper  contains  a  descrip- 
tion of  some  of  the  most  remarkable  rocks  containing  green 
diallaee,  and  an  account  of  cleavable  varieties  of  Saussurite, 
and  01  crystals  of  Serpentine. 

14.  On  the  Specif  c  Heat  of  the  Gases.     By  W.  T.  Haycraft, 
Esq P.  196-216. 

The  experiments  contained  in  this  paper  seem  to  have  been 
conducted  with  great  care,  and  great  attention  to  accuracy,  in 
every  particular.  The  results  which  they  seem  to  authorise, 
are,  that  all  the  gases  examined,  viz.  oxygen,  hydrogen,  car- 
bonic acid,  azote,  and  carburetted  hydrogen,  have  all  their 
specific  heats  in  the  mean  proportion  of  their  specific  gravi- 
ties ;  that  different  states  of  the  combination  of  the  gases  with 
aqueous  and  other  vapour,  afifect  the  capacities  of  the  gases, 
and  that  probably,  in  some  instances,  in  a  regular  arithmetical 
progression,  corresponding  with  the  arithmetical  rate  of  ex- 
pansive force  of  the  gases,  in  different  states  of  combination 
with  vapour.  The  most  interesting  result  to  the  physiologist 
is,  that  the  air  from  the  lungs  has  a  less  specific  neat  than 
atmopsheric  air,  at  a  temperature  of  lOO^**  and  95°.  The  air 
of  respiration,  at  a  temperature  of  102*  and  upwards,  and  of 
91^  and  downwards,  haa  the  same  capacity  as  atmospheric  air. 


(     121     )  «    ^  . 

AjiT.  XVII. — Notice  of  the  Attempts  to  reach  the  Sea  hv  Maclcemie's 
RivcTy  since  the  Expedition  of  Sir  Alexander  Mackenzie* — 
\JIIemoirs  of  the  Wemerian  J^at.  Hist.  Society  J] 

The  Northwest  Company  first  established  a  fur-post  on  the 
banks  of  Mackenzie's  River  in  the  year  1795,  and  have  ever 
since  maintained  a  greater  or  smaller  number  of  establish- 
ments on  various  parts  of  its  course.  At  present,  the  lowest 
or  most  northerly  post  is  Fort  Good-Hope,  situate  about  100 
or  1 20  miles  below  the  influx  of  Great  Bear-Island  Lake  River, 
and,  as  is  supposed,  about  three  day's  voyage  in  a  light,  canoe 
from  the  sea,  which,  with  the  current  of  such  a  river,  is  usually 
estimated  at  from  50  to  80  miles  per  day.  From  the  summit  of 
a  small  hill  behind  the  Fort,  the  upper  limb  of  the  sun  is  just 
risible  at  midnight,  on  the  21st  of  June. 

In  the  immediate  vicinity  of  Fort  Good-Hope,  and  on  the 
east  side  of  the  river,  the  Hare  Indians  reside ;  and  their 
lands,  to  the  northward  of  the  very  extensive  piece  of  water 
wkich  is  named  Great  Bear-Island  Lake,  and  which  is  said  to 
be  inferior  in  size  to  Lake  Superior  alone,  borders  upon  the 
Eskimaux  grounds,  which  skirt  the  sea-coast.  The  Fort  is 
also  visited  by  the  Loucheux,  or  Squint-eyes,  who  inhabit  the 
west  bank  of  the  river,  and  who  are  separated  from  the  Eski- 
maux by  the  Vermillion  River,  about  two  and  a  half  day's 
voyage  below  Fort  Good-Hope.  At  this  boundary,  they  often 
trade  with  the  Eskimaux,  and  obtain,  at  a  high  price,  certain 
smooth  sea-shells,  to  be  inserted  as  ornaments  into  the  septum 
of  the  nose.  They  have  also  obtained  at  these  friendly  meet- 
ings, strips  of  whalebone,  and  pieces  of  the  skin  and  other 
spoils  of  sea  animals.  Notwithstanding  this  occasional  friendly- 
intercourse,  however,  these  two  tribes  more  often  enter  eacn 
other's  territories  in  a  hostile  manner ;  and  so  many  of  the 
Eskimaux  have  been  cut  off,  that  the  nation  is  justly  very 
jealous  of  the  visits  of  strangers. 

Two  attempts  have  been  made  to  reach  the  sea  since  the 
period  of  Sir  Alexander  Mackenzie's  voyage.  The  first  by 
^Ir  Livingston,  in  the  year  1 799 ;  when  that  gentleman, 
accompanied  by  James  Sutherland,  an  interpreter,  three 
Canadians,  and  thres  Indians,  descended  in  a  bark-canoe,  a 
little  below  the  Vermillion  River  above  mentioned.  Here 
they  met  with  a  single  Eskimaux  in  his  small  seal-skin  boat, 
whose  first  act,  notwithstanding  the  disparity  of  force,  was  to 
discharge  an  arrow,  which  penetrated  tnrough  the  sides  of  the 
large  canoe.     They  approached  him,  however ;  and  adoptjx^g 
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the  mode  in  use  among  the  Indian  nations  of  .discovering  the 
intentions  of  strangers,  presented  him  with  a  portion  of  meat, 
havins  first  chewed  a  bit  of  it  themselves.  He  threw  it  away 
with  disdain,  and  refused  to  receive  any  of  their  presents ;  but 
directed  them  to  put  ashore,  and  made  signs  that  his  country- 
men were  at  no  great  distance.  They  complied  with  his  re- 
quest, whilst  he  proceeded  down  the  stream ;  and  in  a  short 
time  returned,  accompanied  with  five  of  his  companions,  each 
in  his  small  canoe,  and  armed  with  a  bow  and  arrows.  Mr 
Livingston  endeavoured  to  conciliate  them  by  presents  of 
beads,  and  other  articles ;  but  instead  of  appeanng  pleased 
and  grateful,  they  tied  the  strings  to  a  pole,  and  cut  them  in 
pieces  with  their  arrows.  The  Indians  now  warned  Mr  Liv- 
mgston,  that  he  would  in  vain  attempt  to  establish  a  friendly 
communication  with  such  people  in  their  present  state  of  miod^ 
and  were  urgent  for  immediate  embarkation,  when  it  was  dis- 
covered that  the  paddles  of  the  canoe  had  been  conveyed 
away  by  stealth.  Such  an  unequivocal  demonstration  of  hos- 
tile purpose,  increased  the  apprehensions  of  the  party,  and 
they  hurried  into  the  canoe,  but  were  instantly  assailed  by  a 
flight  of  arrows  from  the  Eskimaux,  each  of  wnom  shot  three 
from  his  bow  at  a  time.  Mr  Livingston  and  a  Canadian 
voyageur  fell  under  the  first  discharge :  two  of  the  Indians, 
who  had  not  yet  embarked,  but  were  holding  on  the  bow  of 
the  canoe,  let  go,  and  escaped  into  the  woods,  whilst  James 
Sutherland  and  the  other  survivors  floated  down  the  stream. 
They  were  instantly  pursued  by  the  Eskimaux  in  their  boats, 
tod  the  Indians  from  their  hiding  places  observed  the  conflict 
to  be  carried  on  until  five  of  the  Eskimaux  were  killed,  and 
James  Sutherland  was  left  alone  in  the  bow  of  his  canoe,  which 
was  in  a  sinking  condition.  This  much  was  learnt  from  one 
of  the  Indians,  who  travelled  to  Fort  Chipewyan  with  the 
account  of  the  melancholy  catastrophe,  having,  in  his  route, 
liad'his  wants  supplied  by  parlies  of  the  Loucheux,  and  other 
nations  he  fell  in  with.  It  was  afterwards  ascertained,  through 
the  medium  of  the  Hare  Indians,  that  the  canoe  had  drifted 
down  opposite  the  main  encampment  of  the  Eskimaux,  and 
that  James  Sutherland  there  threw  himself  into  the  water, 
swam  ashore,  and  placed  himself  betwixt  the  knees  of  an 
elderly  man,  for  protection.  A  consultation  being  now  held, 
Ills  destruction  was  decided  upon ;  and  as  he  was  judged  in- 
vulnerable from  his  having  escaped  from  the  conflict  without 
a  wound,  tHev  effected  their  pui-pose  by  tying  a  stone  round 
his  neck,  and  throwing  him  into  the  river ;  his  protector  hav- 
mg  in  the  mean  time  conveyed  himself  away,  it  being  contrary 


to  their  ideas  of  hiimaait j  that  he  should  mtness  the  death  of 
hisprotege. 

The  year  following  this  tragical  event,  a  party  of  the  Red« 
knife  or  Copper  Indians,  makios  war  upon  the  Eskimaux,  at 
the  mouth  of  the  Coppermue  Kiver,  found  some  part  of  the 
clothing  of  Mr  Livingston's  party  in  the  huts  of  those  they 
destroyed* 

A  second  attempt  to  reach  the  sea  was  made  by  Mr  Claru 
in  1809.  He  descended  the  river  as  far  as  the  assemblage  of 
islands  which  form  the  various  channels  of  which  Sir  Alexan^ 
der  Mackenzie  speaks ;  but  here  a  numerous  party  of  Eski- 
maux,  occupying  both  banks  of  the  river,  put  themselves  in 
such  a  menacing  attitude,  that  it  was  deemed  prudent  to  retunk 
without  making  any  attempt  either  to  land  or  to  proceed 
farther. 

In  1810,  a  large  shoal  of  porpoises  came  up  to  Fort  Good- 
Hope,  to  the  great  grief  of  the  natives,  who  declared  such 
Tisits  were  always  attended  by  a  falling  eff  in  the  fishery, 
which  accordingly  proved  very  bad  that  season.  This  fact, 
we  think,  tends  to  prove  the  near  vicinity  of  the  sea,  and  that 
Sir  Alexander  Mackenzie  either  actually  saw  it,  or  was  withiit 
a  very  short  distance  of  it. 

The  country  through  which  Mackenzie's  River  flows,  ap- 
pears to  offer  a  fine  field  for  a  naturalist,  and  we  have  had 
many  interesting  accounts  of  it  from  those  who  have  resided 
tiiere.  It  is  well  worth  the  attention  of  a  mineralogist,  who 
would  have  an  opportunity  of  viewing  the  operations  of  Nature 
on  a  grand  scale.  The  rocky  mountains  range  along  the  western 
side  of  the  river,  at  a  ^eater  or  smaller  distance  from  its  banks ; 
in  some  places  receding  to  the  distance  of  70  miles,  at  others 
approaching  the  very  verge  of  the  stream,  and  at  one  spot 
below  the  Great  Bear  Lake  River,  a  continuance  ofthe  sa  me 
ridge  appears  on  the  eastern  side  of  the  river.        , 

A  kind  of  sheep  frequents  those  mountains,  which,  from 
description,  appears  to  resemble,  or  to  be  the  same  with,  the 
Argali^  or  Chis  'nwiUana.  It  has  very  large,  striated,  spiral 
horns,  and  is  clothed  in  the  winter  witn  a  thick  coarae  coat  of 
hair,  like  that  of  the  rein-deer,  which  falls  ojflf  in  the  summer, 
and  is  succeeded  by  a  shorter  and  finer  covering.*  There  is 
another  animal  of  still  greater  interest,  which  the  traders  call 


*  Specimens  of  the  head  of  this  animal  were  sent  from  Hudson's  Bay 
iiy  WiLLiAif  AuLD,  Esq.  to  Professor  Jahesov,  ^nd  proved  to  be  te  tnie 
ArgalL 
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the  Goat,  and  which  would  appear  to  be  a  species  of  antelope* 
Its  horns,  smooth,  short,  ana  black,  are  directed  backwards, 
with  a  slight  curvature.  It  is  about  the  size  of  a  sheep,  and, 
in  the  winter,  has  a  coat  of  long  curled  hair,  said  to  be  of  a 
silky  fineness  and  lustre.  It  springs  with  great  agility  from 
precipice  to  precipice,  and  possessing,  like  the  sheep,  a  very 
quick  eye,  its  capture  is  attended  with  much  difficulty.  I 
have  heard  that  the  skins  of  these  animals  have  been  sent 
to  Europe;  but  neither  of  them  have  hitherto  been  taken 
alive.*  A  very  large  kind  of  rein-deer  is  also  found  on  those 
mountains. 

The  natives  make  knives  of  a  white  translucent  stone,  which 
they  detach  in  lar^e  sharp-edged  flakes,  by  greasing  a  portion 
of  the  rock,  and  kindling  a  fire  upon  it. 

They  also  dig  up  an  edible  unctuous  earth,  similar,  proba- 
bly, to  that  which  is  found  at  the  mouth  of  the  Orinooko ;  and 
use  as  a  pigment  a  mineral  substance,  which  they  find  at  the 
bottom  of  a  small  subterraneous  stream.  It  is  in  the  form  of 
round,  flattish,  ponderous  grains,  of  a  shining  black  colour, 
wtth  a  greasy  feel,  and  adheres  to  the  skin  omy  when  mixed 
with  grease.  A  large  specimen  of  native  silver  was  also  found 
in  that  neighbourhood  in  1796. 

Near  the  Great  Bear  Lake  River,  there  are  some  coal-mines 
on  fire.  And  there  are  several  fountains  of  mineral-pitch,  one 
in  particular,  which  rises  in  the  channel  of  the  river,  at  a  spot, 
which,  from  that  circumstance,  is  named  the  Flaming  Point. 


Art.  XVIII. — Account  of  part  of  a  Journey  through  the  Himalaya 
Mountains.  By  Messrs  A.  and  P.  GerardT.  Communicated 
by  Colonel  Gerard.     [Edin.  Philos.  Jour."] 

From  Soobathoo,  in  Latitude  30**  58',  and  Longitude  77®  2', 
situated  about  twenty  miles  from  the  plains,  and  4200  feet 
above  the  level  of  the  sea,  I  marched  to  Numbeg,  nine  miles. 
Three  and  a  half  miles  from  Soobathoo  I  crossed  the  Gumbur, 

*Tbe  animal  described  in  the  text  appears  to  be  the  Rocky-mountain  Sheep 
of  the  Americans,  noticed  by  Professor  Jamesoh  in  the  first  volume  of  this 
Journal,  page  340. 

t  This  curiotis  and  interestiog  article,  was  read  at  the  Royal  Society  of  Edin- 
burgh, on  the  17th  February,  1824  Dr  Brewster  remarks,  ihat  the  Baromet- 
rical and  Trigonometrical  Observations  which  it  contains  may  be  considered 
as  remoTiog  aU  doubt  respecting  the  heights  of  the  Himalaya  Mountains. 
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an  inconsiderable  stream,  but  it  had  swollen  &>  much  from 
late  rains,  that  its  passage  was  effected  with  great  difficulty. 
The  road  was  a  descent  to  the  Gumbur,  from  which  it  slightly 
ascended. 

2^rf  September. — Marched  to  Semta,  thirteen  miles.  The 
road  for  the  first  eight  and  a  half  miles  was  almost  plain,  then 
there  was  a  steep  ascent  of  one  and  a  half  miles,  and  the  last 
three  were  excellent,  winding  near  the  top  of  a  range  7000 
feet  high,  and  lying  through  a  noble  wood  of  many  varieties 
of  oak  and  pine. 

23d  Sqitember. — Marched  to  Bunee,  eleven  miles.  The 
road  was  plain,  leading  amongst  deep  forests  of  pine,  at  the 
lieieht  of  8000  and  9000  feet  above  the  sea.  Thus  far  the 
patn,  which  is  practicable  upon  horseback,  has  been  made 
by  a  company  of  pioneers,  for  the  facility  of  communication 
with  the  cantonment  of  Katgoor,  thirty-*four  miles  farther  to 
the  northeast. 

^4th  Stptemher. — Marched  to  Pulana,  ten  miles.  Left  the 
made  road  six  miles  from  last  camp,  and  descended  by  an 
indifferent  footpath  to  the  village  which  belongs  to  the  Kana 
ofTheog. 

25ih  September. — Marched  to  Kotkhaee,  eleven  miles.  The 
road  lay  along  the  banks  of  the  Giree,  one  of  the  branches  of 
the  Jumna,  and  was  often  rocky  and  dangerous,  the  footpath 
being  frequently  overgrown  with  grass,  and  seldom  half  a  foot 
in  breadth. 

Kotkhaee  is  the  residence  of  the  Kotgoon  Rana,  a  hill  chief, 
under  the  protection  of  the  British  government,  it  is  situated 
on  a  most  romantic  spot,  on  a  point  below  which  two  streams 
unite  to  form  the  Giree :  on  one  side,  the  rock  is  182  feet  per- 
pendicular, and  on  the  other  there  is  a  long  flight  of  stone 
steps ;  neither  of  the  streams,  which  are  only  20  feet  broad, 
are  fordable,  so  that,  by  destroying  the  bridges,  the  place 
•might  be  well  defended  against  musketry.  The  Rana^s  resi- 
dence is  three  stories  high,  and  has  a  most  imposing  appear- 
ance ;  each  story  projects  beyond  the  one  beneath  it,  and  the 
top  is  crowned  by  a  couple  of  handsome  Chinese  turrets, 
-beautifully  adorned  with  finely  carved  wooden  work. 

26/A  September. — Marched  to  Gujyndee,  eight  miles.  The 
road  at  nrst  lay  up  the  rocky  bed  of  one  of  the  branches  of 
the  Giree,  and  then  came  a  very  steep  and  tiresome  ascent 
to  Dervisee  Pass,  from  whence  tnere  was  a  descent  to  camp. 
Gujyndee  is  in  Nawar,  a  small  district  of  Buschur,  famed  for 
its  numerous  iron  mines;  there  are  few  spots  here  fit  for  culti- 
'  rating,  and  the  inhabitants,  who  are  all  miners,  live  by  their 
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trade  in  iron.  The j  work  the  mines  onlj  about  three  months 
in  the  year ;  and  commence  digging  them  in  March,  after  the 
snow  has  sufficiently  melted ;  at  other  times  thej  say  the  earth 
falls  in,  and  it  is  unsafe  to  work. 

21th  September. — Proceeded  to  Rooroo,  a  fatiguing  march  of 
thirteen  miles,  crossing  a  high  range  of  mountains.  Here  we 
first  came  upon  the  Pubur,  one  of  the  feeders  of  the  Icus, 
which  falls  into  the  Jumna,  and  a  stream  of  considerable  siee* 
fiarometrical  observations  gave  the  extreme  height  of  its  bed 
6100  feet. 

Rooroo  is  situated  in  Choara,  one  of  the  large  divisions  of 
Buschur,  and  the  most  populous  and  best  cultivated  spot  I 
have  seen  in  the  hills;  tne  dell  is  broad,  and  the  ground  is 
well  adapted  for  rice  fields,  being  watered  by  many  cuts  itom 
the  river,  which  winds  through  it.  Two  marches  more,  or 
twenty-six  miles,  brought  me  to  Jangleeg,  the  last  and  highest 
village  in  the  valley  of  the  Pubur,  elevated  9200  feet  above 
the  sea.  The  road  latterly  was  extremely  rugged  and  dan- 
gerous ;  at  one  time  many  nundred  feet  above  the  river,  with 
a  horrid  precipice  on  the  right,  and,  at  another,  dipping  down 
to  the  stream,  which  rushes  with  violence  over  the  rocks  in- 
terspersed in  its  channel.  As  you  advance,  the  dell  in  which 
the  Pubur  flows  becomes  gradually  more  contracted,  the 
mountains  assume  a  more  naked  and  abmpt  appearance,  and 
the  rapidity  and  turbulence  of  the  river  increase. 

From  Jangleeg  I  proceeded  ten  miles  to  a  hunting  place, 
called  Moondar,  within  two  miles  of  the  Brooang  Pass,  over 
the  great  snowy  range ;  the  road  was  good,  and  lay  in  a  broad 

P'assy  glen,  between  two  spurs  of  the  Himalayas,  with  the 
ubur  running  through  it.  The  soil  of  this  valley  is  com- 
posed of  black  vegetable  mould,  which  produces  endless  va- 
rieties of  alpine  plants  to  the  height  of  13,000  feet.  Belts  of 
birch  and  pine  reach  almost,  the  same  elevation ;  beyond 
which  scarcely  any  thing  is  seen  but  patches  of  brown  grass. 
The  height  of  my  camp,  which  was  pitched  beneath  an  im- 
mense projecting  granite  rock,  was  12,800  feet.  We  left  the 
last  cluster  of  birch  trees  three  mile^  behind  us,  so  that  we 
had  to  send  back  all  that  distance  for  firewood.  The  ther- 
mometer was  38°  at  night,  and  water  iroze  hard. 

J^ext  day^  2d  October. — ^We  pitched  our  tent  on  the  crest  of 
the  pass,  i  5,095  feet  above  the  level  of  the  sea.  The  road 
was  of  the  worst  description,  crossing  the  Pubur,  which  has 
it^  source  near  this,  by  an  arch  of  snow  of  some  extent,  and 
then  leading  over  huge  detached  masses  of  granite  hurled 
from  the  peaks  above,  and  piled  upon  pne  another  in  dread- 
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fill  coDfusaoo,  with  here  and  there  some  snow.  The  ascent 
was  steep  the  whole  waj,  and  almost  the  only  vegetation  we 
noticed  *was  grass  in  small  tufts,  which  grew  more  scanty  as 
we  advanced  to  the  pass,  where  it  almost  disappeared :  it  was 
still  seen  above,  thinly  scattered  and  intermixed  with  a  few 
moeses.  Here  I  met  my  brother,  who  had  left  Soobathoo 
some  time  before  me,  and  travelled  by  a  much  more  circui* 
tons  route. 

We  sent  most  of  our  servants  down  about  five  miles  to  a 
more  congenial  climate,  where  wood  could  be  procured.  The 
peaks  immediately  on  either  side  of  us  were  not  more  than 
lOOO  feet  above  us,  but  there  are  several  not  very  far  distant 
which  we  could  not  now  see,  18,000  feet  high.  We  were 
lucky  in  getting  the  altitudes  and  bearings  of  the  principal 
mountains  across  the  Suduj,  which  rear  their  white  neads  to 
the  height  of  20,000  feet  and  upwards. 

The  thermcMneter  in  a  tent  got  up  so  high  during  the  day  as 
50°,  but  at  4  p.  m.  it  fell  to  the  freezing  point,  and  at  7  was  8^ 
below  it.  We  sat  up  till  past  10,  for  the  purpose  of  making 
astronomical  observations,  which  was  cold  work,  and  amused 
ourselves  in  smoking  dried  tobacco,  which  we  found  far  from 
unpleasant.  Our  situation  was  not  the  most  agreeable,  for  we 
had  but  a  small  supply  of  firewood,  which  was  kindled  in  the 
middle  of  the  tent,  and  we  were  involved  in  a  cloud  of  smoke^ 
and  surrounded  by  servants,  whilst  every  now  and  then  we 
were  alarmed  by  the  crash  of  rocks,  split  by  the  frost. 

We  had  all  severe  headaches  during  the  night,  owing  probar 
bly  to  the  rarefaction  of  the  air,  but  attributed  by  the  natives 
to  a  poisonous  plant,  said  to  grow  most  abundantly  at  the 
greatest  elevations. 

Tliis  pass  separates  Choara  from  Koonawur,  another  of  the 
grand  divisions  of  the  Buschur,  which  lies  on  both  banks  of 
the  Sudaj,  extending  from  Lat.  31°  30'  to  32%  and  Long.  78° 
10'  to  78°  45'.  It  is  a  secluded,  rugged  and  barren  country, 
seldom  exceeding  eight  miles  in  breadth.  It  is  terminated  on 
the  north  and  northwest  by  a  lofty  chain  of  mountains,  covered 
with  perpetual  snow,  upwards  of  20,000  feet  high,  which  sepa- 
rates it  from  Ludak :  a  similar  range  of  the  Himalayas,  equal 
in  height,  bounds-  it  to  the  southward  :  on  the  cast,  a  pass  al- 
most 14,000  feet  high  divides  it  from  the  Chinese  dominions; 
and  on  the  west  lies  another  of  the  principal  divisions  of 
Bnschur. 

The  villages,  whkh  are  elevated  from  8,000  to  12,000  feet 
above  the  sea,  are  very  thinly  scattered ;  not  more  than  two 
or  three  occur  in  a  stage,  and  sometimes  none  at  all  for  several 
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days.  In. the  summer  season,  from  the  reverberation  of  the 
solar  rays,  the  heat  in  the  bed  of  the  Sutluj,  and  other  large 
streams,  is  oppressive,  and  quite  sufficient  to  bring  to  matu- 
rity grapes  of  a  delicious  flavour,  of  which  raisins,  and  a 
Spu*itous  liquor  called  Rakh,  are  made. 

The  inhabitants  wear  a  frock  of  white  blanket,  often  twofold, 
reaching  down  to  the  knees,  and  having  sleeves,  ^a  pair  of  trow- 
sers,  ana  girdle  of  the  same,  a  cap  of  mack  blanket  like  a  bon- 
net, and  snoes,  of  which  the  upper  part  is  woollen,  and  the 
sole  alone  of  leather.  The  people  are  very  dark,  and  ex- 
tremely dirty,  but  they  seem  to  enjoy  a  much  greater  degree 
of  comfort  than  any  of  the  other  mountaineers  we  saw.  The 
villages  are  generally  large,  and  the  houses  spacious,  and  even 
elegant.  They  are  built  of  stone  and  wood,  and  either  slated 
or  flat  roofed ;  the  last  is  most  common.  The  temples  of  the 
Deotas  (deities)  are  magnificent,  and  adorned  with  a  profusion 
of  ornaments.  There  are  two  or  three  in  almost  every  village ; 
and  (the  various  feats  ascribed  to  their  gods  surpass  belief: 
there  is  scarcely  one  of  them  that  has  not  got  the  credit  of 
removing  some  mountain  or  large  rock  to  make  the  road 
passable,  &c. 

The  level  spaces  of  land  in  Koonawur  arc  few,  the  crops 
are  extremely  poor,  and  a  want  of  grain  pervades  the  whole 
country.  In  time  of  scarcity,  pears,  and  horse-chesnuts,  after 
being  steeped  in  water,  to  take  away  their  bitterness,  are  dried, 
and  ground  into  flour.  There  are,  however,  no  marks  pf 
poverty,  and  the  natives  subsist  by  exchanging  raisins  and 
wool  for  grain.  They  have  little  to  do,  but  look  after  their 
vineyards,  and  attend  to  their  flocks,  which  in  summer  are 
sent  to  pasturage  at  some  distance  from  the  villages.  Bears 
are  very  numerous,  and  commit  great  ravages.  In  the  grape 
season,  during  the  whole  night  several  people  from  every 
village,  together  with  their  dogs,  are  employed  in  driving 
them  ofil 

The  dogs  are  of  a  large  ferocious  breed,  covered  with  wool, 
and  extremely  averse  to  strangers,  whom  they  often  bite  and 
tear  in  a  most  shocking  manner.  They  are  commonly  chained 
during  the  day,  otherwise  it  would  be  dangeroij^  to  approach 
a  village. 

The  winter  is  rigorous,  and  for  three  months,  there  is  no 
moving  out  of  the  villages  from  the  quantities  of  snow.  Dur- 
ing this  season,  the  inhabitants  employ  themselves  in  weaving 
blankets.  They  early  begin  to  collect  their  winter-stock  of 
fuel,  and  food  ior  their  cattle,  which  latter  consists  chiefly  of 
the  leaves  of  trees,  and  they  pile  it  upon  the  tops  of  their 
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houses.  The  Koonawur  language,  of  which  we  made  a  collection 
of  near  one  thousand  words,  differs  much  from  the  Hindoo,  most 
of  the  substantives  ending  in  ing  and  ung,  and  the  verbs  in  mig 
and  tug. 

On  the  3d  October  the  thermometer  was  15°  below  the 
freezing  point,  and  the  cold  intolerable ;  we  therefore  waited 
till  two  hours  after  sunrise,  and  then  proceeded  to  the  village 
of  Brooang,  distant  eight  and  a  half  miles. 

The  road  lay  over  a  thick  snow-bed  for  the  first  mile,  and 
then  led  through  extensive  woods  of  various  sorts  of  trees, 
amongst  which  we  recognized  the  hazel,  plane,  horse*chesnut, 
&C.&C.  It  Ivas  often  rugged  and  rocky,  and  there  was  a  steep 
descent  of  7600  feet  perpendicular  height.  On  our  way  down 
we  found  black  currants  and  raspberries  ih  the  greatest  per- 
fection, of  which  we  preserved  a  large  quantity ;  and  on  our 
arrival  at  camp  we  teasted  on  -^pes.  Bit>oang  is  a  small 
village  in  Tookpa,  one  of  the  divisions  of  Koonawur,  under  the 
Wureer  Teekumdas.  It  is  situated  near  the  Buspa  River,  and 
about  two  miles  from  the  left  bank  of  the  Sutluj. 

Aih  October. — ^We  marched  to  Pooaree,  a  distance  of  twelve 
Hiiles  and.  a  half;  the  road  was  extremely  bad^  Ijing  often 
upon  the  face  of  a  naked  stone  inclined  to  the  norizon  at 
a  considerable  angle,  with  a  precipice  of  many  hundred  feet 
on  the  outer  side.  It  was  no  great  ascent  or  descent,  but  so 
much  caution  was  necessary  to  prevent  the  traveller  from 
slipping  off  the  rocks  into  the  River  Sutluj,  which  lay  close 
upon  our  left,  that  the  journey  took  us  up  twelve  hours.  To- 
day we  crossed  the  Buspa,  a  large  stream  42  feet  broad,  whose 
source  is  six  marches  to  the  southeast  of  Brooane. 

5<ft  October. — We  proceeded  to  Rispe,  a  march  of  thirteen 
miles  and  a  half,  likewise  occupyir/g  the  whole  day.  The 
road,  which  lay  through  thin  forests  of  pine,  was  not  so  dan- 
gerous as  yesterday's,  but  consisted  of  several  steep  ascents 
and  descents,  upon  rocks  *of  crumbling  granite,  of  2000  feet 
each.  We  had  a  grand  view  of  the  Kylas,  or  Ruldung  Moun- 
tains, from  the-  large  town  of  Reedung,  or  Ribe,  about  three 
and  a  half  miles,  before  we  reached  camp.  Imagine  to  your- 
self an  assemblage  of  pointed  peaks,  presenting  a  vast  surface 
of  snow,  viewed  under  an  angle  of  27®,  and  at  a  distance  of 
not  more  than  five  miles  in  a  direct  line.  The  height  of  our 
station  was  8,000  feet,  and  the  Kylas  peaks  were  12,000  feet 
higher.  At  Rispe,  we  first  saw  Lamas ;  and  near  this  place 
we  passed  several  buildings,  from  ten  to  forty  feet  in  length, 
two  broad,  and  about  four  high.  They  are  constructed  of 
loose  stones,  without  cement ;  and  upon  their  tops  are  nume^ 
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rous  pieces  of  slate,  of  all  shapes  and  sizes,  carved  with  strange 
characters :  they  are  called  Mane,  and  are  erected  over  the 
graves  of  the  Lamas.  There  are  invariably  roads  on  each 
side  of  them,  and  the  natives,  from  some  superstitious  custom, 
always  leave  them  on  the  right  hand,  and  will  rather  go  a 
round  oi  a  quarter  of  a  mile  than  pass  them  on  the  wrong  side« 

6/fc  October. — We  marched  to  Murung,  five  miles.  The  road 
was  pretty  ^ood  along  the  l^ft  bank  of  the  Sutluj,  crossing  a 
river  named  Teedoong,  whose  source  is  in  the  Chinese  do- 
minions, four  day's  iourney  to  the  eastward.  Murung  is  a 
Lama  town  of  considerable  size,  consisting  of  seven  or  eight 
distinct  divisions,  and  beautifully  situated,  chiefly  upon  a 
southern^  exposure,  in  a  glen,  which  forms  the  greater  part  of 
an  ellipse*  Through  it  runs  a  transparent  stream,  upon  the 
banks  of  which  are  extensive  vineyards  and  orchards,  abun- 
dantly supplied  with  water  by  numerous  cuts.  The  dell  is 
encircled  by  lofty  mountains,  at  an  angle  of  25°  on  ev^y  side, 
except  to  the  westward,  where  it  is  opei>  towards  the  Sutluj, 
on  the  banks  of  which  is  a  small  fort.  The  situation  is  ex- 
tremely romantic,  and  the  approach  to  it  highly  picturesque, 
leading  along  a  small  canal,  and  through  an  avenue  of  apricot- 
trees.  Near  this  place  there  are  a  great  many  piles  of  stones, 
with  inscriptions ;  and  afterwards  we  met  witn  them  almost  at 
every  village  until  we  reached  Pangee,  on  oiir  return,  where 
they  end.  We  also  saw  a  number  of  temples  called  Chosten, 
which  are  likewise  to  be  found  in  the  vicmity  of  every  Lama 
habitation ;  thev  consist  of  an  inclosure,  formed  of  three  walls, 
with  a  roof,  and  open  in  front.  In  the  inside  of  these  are  one 
or  more  small  white-w^ashed  buildings,  shaped  like  urns. 

It  was  our  intention  to  have  proceeded  farther,  but  the  people 
told  us  the  next  village  was  at  such  a  distance,  and  the  ascent 
so  fatiguing,  with  no  water  on  the  way,  that  we  could  not  pos'- 
sibly  reach  it  that  night. 

1th  October* — Marched  to  Nisung,  eight  miles.  The  road 
commenced  with  a  very  tiresome  ascent  of  5300  feet :  here  we 
were  delighted  to  find  numerous  beds  of  juniper,  and  some 
gooseberries,  which  were  the  first  we  had  seen  since  we  left 
Scotland ;  we  were  in  great  hopes  we  should  have  met  with 
heather,  but  we  saw  none.  At  the  top  of  Toongrung  Pass, 
13,739  ifeet  high,  it  began  to  snow,  and  the  thermometer  was 
below  the  freezing  point,  so  that  we  were  glad  to  make  the 
best  of  our  way  down*  The  footpath  was  good,  but  a  steep 
descent,  through  juniper  and  thyme  of  many  kinds,  to  Nisung, 
a  small  Lama  village,  situated  near  the  Taglakhar,  a  large 
streate),  which  rises  in  Chinese  Tartary,  three  or  four  marches 
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to  the  eastward.  The  extreme  height  of  this  village,  by 
corresponding  barometrical  observations,  is  10,165  feet,  and 
crapes  do  not  ripen  here.  We  saw  several  gardens  of  fine 
larg^  turnips,  fenced  round  with  hedges  of  gooseberries;  the 
latter  are  of  the  red  sort,  small,  and  extremely  acid,  but  make 
a  capital  tart. 

ft  A  October. — We  were  del^^ed  till  2  p.  m.  in  order  to  ^et 
grain  ground  for  the  consumption  of  our  people,  there  beme 
no  villa^  at  the  next  stage.  We  only  marched  1|  miles,  and 
the  road  at  first  was  a  descent  to  the  Taglakhar,  and  then  a 
steep  ascent  of  2,000  feet,  most  part  of  the  way  up  a  slope  of 
40^,  and  then  over  rugged  rocks.  We  were  obliged  to  halt 
here,  there  being  no  water  many  miles  a-head. 

9A  October* — Marched  ten  miles  to  the  bed  of  a  mountain* 
torrent,  and  did  not  arrive  till  an  hour  ^fter  d^rk.  This  day's 
journey  was  one  of  the  most  tiresome  we  bad  experienced, 
crossing  two  mountains  of  1 2,000  and  1 3,090^  jfeeti  The  ascents 
and  descents,  one  of  which  was  full  4000  feet  in  perpendicu- 
lar height,  were  steeper  for  a  longer  continuance  tnan  any  we 
had  yet  seen,  and  the  path  was  strewed  with  broken  slate, 
which  gave  way  under  the  feet.  Neither  tent  nor  eaiables 
arrived,  and  we  had  nothing  but  cakes  of  very  coarse  meal, 
which,  however,  hunger  made  palatable.  Upon  this  kind  of 
food,  together  with  a  few  partridges,  which  our  sepoys  occa- 
sionally shot,  and  without  either  plates,  knives,  or  forks,  we 
lived  for  five  days.  It  would  have  been  amusing  to  see  us 
sitting  upon  blanxets,  near  a  fire,  in  the  open  air,  surrounded 
by  our  servants,  dissecting  the  partridges  with  the  kookree, 
or  short  sword,  worn  by  the  Goorkhalees,  and  smoking  plain 
tobacco  out  of  a  pipe  little  better  than  what  is  used  by  the 
lowest  classes.  Novelty,  however,  has  its  charms ;  and  our 
beine  in  a  country  untrodden  by  a  European,  gave  us  a  delight 
ami(&t  our  most  toilsome  marches  scarcely  to  be  experienced, 
much  less  imagined,  by  a  person  who  has  never  been  in  the 
same  situation. 

10th  Octdbtr. — Marched  to  Dabling,  6|  miles.  The  road 
was  pretty  good,  lying  near  the  river.  We  went  a  little  out 
of  the  direct  way,  to  visit  the  Numptoo  Sango,  a  wooden  bridge 
across  the  Sutluj.  The  river  was  here  106  feet  broad,  and 
the  bridge  78  feet  above  the  stream,  which  rushes  with  rapid 
violence  between  perpendicular  rocks  of  granite.  We  in  vain 
tried  to  measure  its  depth:  and  though  we  had  a  heaving-Iead 
for  the  purpose,  of  no  less  than  ten  pounds  weight,  we  could 
not  efiect  it.  We  had  practised  throwing  it  the  way  they  do 
at  sea,  by  swinging  it  round  the  head,  and  flattered  ourselves 


132       Messrs  A.  and  P.  Gerard^s  Account  of  a  Journey 

-we  were  almost  as  expert  at  the  business  as  the  leadsman  on 
board  a  pilot-schooner ;  but  the  force  of  the  current  wa^  so 
great  as  to  sweep  it  down  long  ere  it  reached  the  bottom. 
We  found  the'  bed  of  the  river  8^00  feet  above  the  sea. 

1 1  ^A  October. — Marched  to  Numgeea,  nine  miles.  The  foot- 
path was  good  and  even  upon  the  bank  of  the  Sutluj.  To-day 
we  left  the  road,  to  iook  at  the  conflux  of  the  Lee  with  the 
Sutluj.  The  Lee  is  a  river  of  considerable  breadth,  coming 
from  Ludak  on  the  northward ;  but  it  is  not  very  deep,  and 
flows  in  a  clear  stream,  with  a  moderate  current;  whilst* the 
Suduj  is  muddy,  and  runs  with  great  violence,  and  a  stunning 
noise.  Since  leaving  Pooave,  the  trees  had  gradually  become 
more  scanty.  In  the  vicinity  of  Numgeea  there  is  little  vegeta- 
tion, the  grass  and  thyme  are  but  thinly  scattered  in  small 
tufts,  and  a  solitary  dwarf-pine  appeal's  here  and  there. 

I2th  October. — Marched  to  Shipke,  nine  miles.  The  road 
ascended  a  little,  and  there  was  a  steep  descent  into  the  bed 
of  the  Oopsung.  Here  the  rocks  are  more  rugged  than  any 
we  had  yet  seen  ;  they  are  rent  in  every  direction,  piled  upon 
one  anotner  in  wild  disorder,  in  a  most  extraordinary  manner; 
not  to  be  described,  overhanging  the  path,  and  threatening 
destruction  to  the  traveller. 

At  the  pass  which  separates  Koonawur  from  the  Chinese 
dominions,  13,518  feet  above  the  sea,  the  scene  was  entirely 
changed,-^a  more  marked  difference  can  scarcely  exist.  The 
mountains  to  the  eastward  were  quite  of  another  nature  from 
those  we  before  met  with ;  they  are  of  granite,  broken  into 

?*avel,  forming  regular  slopes,  and  neither  abrupt  nor  rocky, 
he  country  in  that  direction  has  a  most  desolate  and  dreary 
aspect ;  not  a  single  tree  or  blade  of  green  ^rass  was  distin- 
guishable for  nearly  thirty  miles,  the  ground  being  covered 
with  a  very  prickly  plant,  to  which  we  gave  the  name  of  whins. 
This  shrub  was  almost  black,  seeming  as  if  burnt,  and  the 
leaves  were  so  much  parched  from  the  arid  wind  of  Tartary, 
that  they  might  be  ground  to  powder  by  rubbing  them  between 
the  hands.  The  brownish  tint  of  the  whins,  together  with  the 
bleakness  of  the  country,  have  the  appearance  of  an  extensive 
heath,  and  must  strongly  remihd  a  Highlander  of  his  native 
land.  Our  course  from  Brooang  Pass  was  about  northeast ; 
here  we  found  we  had  reached  the  northernmost  point  of  the 
Suduj,  in  latitude  31®  50'.  It  lay  about  two  miles  on  our  left 
hand ;  and  from  this  place,  its  direction,  all  the  way  to  its 
source  in  the  famous  Lake  of  Mansuwurer,  is  nearly  ESE. 
The  wind  was  so  strong  that  we  could  with  difficulty  keep  our 
feet ;  and  it  is  said  to  blow  with  almost  equal  violence  through- 
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out  the  year.  We  saw  some  snow  on  our  right,  a  little  below 
us  •,  and  beyond  it,  a  peak,  above  20,000  feet  high,  from  which 
the  snow  was  drifting  in  showers  by  the  forceof  the  wind. 

From  the  pass  to  the  camp,  the  road  was  a  moderate  descent 
upon  gravel,  winding  very  much. 

Shipke  is  a  large  village,  in  the  small  district  of  Rong-zhoong, 
under  the  Dcba  or  Governor  of  Chubrung,  a  town,  or  rather  a 
collection  of  tents,  on  the  left  bank  of  the  Sutluj,  eight  marches 
to  the  eastward.  The  houses  here,  which  are  very  much  scat- 
tered, are  built  of  stone,  and  flat-roofed ;  there  are  gardens 
before  each,  hedged  with  gooseberries,  which  give  them  a  neat 
appearance.  This  is  a  populous  place.  We  counted  upwards 
of  eighty  men,  who,  on  our  arrival,  came  to  meet  us,  being  the 
first  Europeans  they  had  ever  seen.  The  Tartars  pleased  us 
much ;  they  have  none  of  that  ferocity  of  character  so  com- 
monly ascribed  to  them ;  they  have  something  of  the  Chinese 
features,  and  their  eyes  are  small.  They  all  go  bare-headed 
^en  in  the  coldest  weather,  and  have  tneir  hair  plaited  into 
a  number  of  folds,  ending  in  a  tail,  which  reaches  to  their 
rumps.  Their  dress  consists  of  a  garment  of  blanket,  trowsers 
of  striped  woollen  stuff  resembling  tartan,  and  stocking  or 
boots  of  red  blanket,  to  which  are  sewed  leather-shoies.  Most 
of  them  wear  necklaces,  upon  which  are  strung  pieces  of 
quartz  or  bone;  they  have  also  knives  in  brass  or  silver 
cases :  all  carry  iron-pipes  of  the  same  shape  as  those  used 
by  labourers  at  home,  and  the  higher  classes  have  them 
generally  ornamented  with  silver.  In  common  with  the  in- 
habitants of  Koonawur,  the  greater  part  of  them  have  a  flint 
and  piece  of  steel  for  striking  fire,  attached  to  their  apparel  by 
a  metal  chain.  The  women,  whose  dress  resembles  that  of 
the  men,  were  literally  groaning  under  a  load  of  ornaments, 
which  are  mostly  of  iron  or  brass,  inlaid  with  silver  or  tin, 
and  beads  round  their  necks,  wrists,  ancles,  &c.  and  afiixed 
to  almost  every  part  of  their  clothes. 


Akt.  XIX. — Observations  vpon  some  of  the  minerals  discovered  at 
Franklin,  Sussex  County,  New  Jersey.  By  Lardner  Vanuxem 
and  W.  H.  Keating.  Read  June  1,  1824i  [Jour,  of  the 
Acad,  of  Nat.  Sciences  ofPhila.'] 

Iw  vol.  ii.  page  27t,  of  the  Journal  of  the  Academy,  we 
published  a  geological  account  of  the  vicinity  of  Franklin, 
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Sussex  County,  New  Jersey,  together  with  a  list  of  the  minerals 
found  at  that  interesting  locahty.  We  proposed  furnishing  the 
Academy  with  a  description  of  some  of  these  minerals;  but,  from 
a  multiplicity  of  other  engagements,  we  have  been  prevented 
from  completing  our  examination  of  c^ substance  which  we  be- 
lieved new,  ana  to  which  we  gave  the  name  of  Dysluite,  We 
hope  soon  to  be  able  to  present  it  to  the  Academy,  and  in  the 
meanwhile  offer  the  following  note  on  some  of  tne  accompa- 
nying minerals. 

1.  Jeffersonite. — As  this  mineral  has  been  described  in 
vol*  ii,  page  194,  of  the  Journal,  no  further  notice  of  it,  at  this 
time,  would  be  necessary,  except  to  describe  some  of  its  crys* 
tals,  which  has  been  accomplished  by  Dr  Troost,  who,  more- 
over, has  shown  at  the  same  time,  and  ty  these  crystals,  that 
the  Jeffersonite,  which  we  believed  to  be  a  new  species,  ap- 
pears in  reality  to  be  nothing  more  than  a  variety  of  the  pro- 
teus  of  mineralogy,  pyroxene. 

At  the  period  at  which  our  account  of  the  Jeffersonite  was 
written,  we  had  no  crystals  of  it ;  our  specimens  consisting 
merely  of  the  lamellar  variety.  It  was  from  the  solid  given 
by  the  lamellar  fracture  of  the  mineral,  and  from  the  absence 
of  magnesia,  which  earth  was  regarded  in  some  measure  as  an 
essential  component  of  pyroxene,  that  we  were  induced  to 
consider  it  as  new. 

In  justice  to  ourselves,  it  may  be  necessary  to  mention  that, 
in  mineralogy,  the  solid  given  by  cleavage  has,  since  the  period 
of  the  publication  of  the  Traiti  de  Mineralogie^  been  considered 
next  to  composition,  and  faces  deduced  from  the  secondary 
forms,  of  paramount  importance,  and  sufficient  of  itself,  in  the 
absence  of  the  above  named  characters,  to  constitute  or  deter- 
mine the  formation  of  a  species,  of  which  we  have  several 
instances.  The  value  attacned  to  this  character,  by  the  late 
Abbe  Haiiy,  is  too  well  known  to  need  any  reference  to  his 
works;  nor  bhould  it  excite  surprise,  that  so  much  importance 
has  been  dven  to  this  remarkable  propertv  in  minerals,  when 
wc  consiocr  that  this  is  the  first  anomaly  which  has  come 
under  our  notice ;  for  heretofore  the  cleavages,  parallel  to  the 
faces  of  the  primitive  form,  have  invariably  been  the  smoothes! 
and  easiest  to  be  obtained. 

Whence  the  cause  of  this  deviation  from  so  general  a  law, 
we  know  not ;  future  observation  must  determine  it. 

Mr  Seybert  has  analyzed  a  variety  of  the  same  mineral, 
which  has  yielded  him  four  per  cent,  of  magnesia.  Whether 
this  be  accidental  or  not,  we  are  not  prepared  to  say.  All 
the  analyses  of  pyroxene,  noticed  by  the  Abbe  Haiiy  in  the 
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Ust  edilioD  of  his  Treatise  on  Mineralogy,  state  the  quantity 

of  that  earth  to  be  from  ten  to  nineteen  per  cent.,  which  far 

exceeds  Mr  Seybert^s  results.    Mr  Rose's  analyses  of  pyrox* 

enes  are,  it  is  true,  of  a  much  later  date ;  but  when  we  I'ecol- 

lect  the  great  confusion  which  exists  in  this  species,  we  may 

be  permitted  to  question  whether  the  substances,  which  he 

examined,  were  really  pyroxenes.     Of  those  analyzed  by 

Vauquelin  and  Laugier,  no  doubt  can  exist,  since  the  analyses 

were  made  at  the  Garden  of  Plants  in  Paris,  and,  as  it  were, . 

imder  Hauly's  eye.    But  the  examination  of  the  crystalline 

forms  certainly  puts  the  question  of  the  identity  of  the  Jefier- 

aonite  and  pyroxene  at  rest. 

3.  Franklinite. — The  Franklinite  forms  a  mass  whose  im« 
mense  extent  has  been  made  known  in  the  geological  part  of 
our  communication.  Apparently,  it  is  not  perfectly  homoge^ 
neous  in  composition  throughout ;  the  proportion  of  manganese 
which  it  contains  seems  to  vary,  and  produces  a  corresponding 
variation  in  the  colour  of  its  powder,  and  in  the  difierent  effects 
which  result  from  weathering ;  nor  is  it  less  variable  in  its  ex« 
temal  appearance,  being  in  masses,  grains  of  different  size, 
and  crystals.  The  large  masses  present  numberless  druses,  in 
which  the  ore  has  either  assumed  a  regular  form,  or  endeav- 
oured so  to  do,  but  has  been  disturbed  while  in  the  act  of 
crystallizing.  Its  form  is  the  regular  octohedron,  with  deeDly 
emarginated  edges,  presenting  a  passage  into  the  rhomboiaRi- 
dodecahedron.  The  crystsus  vary  m  dimension  from  the 
microscopic  size  to  two  or  more  inches  in  length.  The  smallest 
and  most  numerous  are  found  at  Franklin,  and  the  largest  at 
Stirling.  The  crystals  have  a  fine  metallic  lustre,  of  a  black 
colour,  opaque,  without  any  indication  of  cleavage.  Specific 
gravity  4.98  to  5.08. 

3.  Ked  zinc  ore  (improperly  called  red  oxide  of  zinc)*  This 
mineral  occurs  in  several  places  in  the  mass  of  Franklinite; 
but  it  is  at  Stirling  that  it  is  found  not  only  in  the  greatest 
quantity,  but  in  the  purest  state;  the  abundance  of  this  mineral 
is  such  at  this  locality,  that  it  will  at  no  distant  period  be 
worked  for  zinc ;  this  ore  has  not  yet  been  found  in  cr^'staLs^ 
or  unmixed  with  Franklinite.  According  to  Mr  Mohs'  obser- 
vations, it  presents  an  imperfect  cleavage  which  connects  it 
with  a  prismatic  system.  On  breaking  the  red  zinc  ore  of 
Stirling,  we  find  two  kinds  of  particles  as  to  size  and  colour ; 
the  largest  ones  are.  of  an  almost  ruby  red,  with  considerable 
lustre,  resembling  in  some  measure  that  of  the  diamond,  and 
so  transparent  as  to  admit  of  a  ready  passage  to  light*  The 
colour  of  the  smaller  ones,  which  are  fine  granular,  is  of  a^ 
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beautiful  dark  orange,  and  of  so  little  lustre  as  at  first  sight 
to  induce  a  belief  of  their  being  in  an'  earthy  state ;  but  if 
examined  with  attention,  the  effect  is  observed  to  arise  from 
interposed  light,  for  no  difference  can  be  perceived  between 
them  and  the  larger  particles^  when  examined  iodividually. 
If  both  be  pulverized,  their  powder  is  the  same,  and  is  of  a 
bright  orange  colour. 

When  the  red  zinc  ore  has  been  a  long  time  exposed  to  the 
atmosphere,  the  smaller  particles  are  washed  away,  and  the 
larger  ones  assume  a  deeper  red.  It  likewise  becomes  coated 
with  carbonate  of  zinc,  and  sometimes  with  an  impure  oxide 
of  manganese ;  the  fornaer  of  these  efflorescences  may  be  dis- 
covered by  its  colour,  its  effervescing  with  nitric  acid,  and  its 
producing  a  styptic  salt. 

.  From  the  circumstance  of  the  transparency  of  the  red  zinc 
ore,  no  doubt  can  exist  with  respept  to  its  oeing  a  chemical 
combination  of  the  oxides  of  zinc  and  manganese,  such  being 
the  result  of  the  analysis  of  Mr  Berthier  of  the  School  of 
Mines.  The  iron,  found  in  it  by  Dr  Bruce,  was  owing  to  an 
admixture  of  Franklinite. 

At  all  the  different  localities  of  the  red  zinc  ore,  in  Sussex 
county,  it  invariably  accompanies  the  Franklinite,  they  mutu- 
ally envelop  each  other ;  when  the  red  zinc  ore  imbeds  the 
Franklinite,  the  latter  mineral  is  usually  in  the  form  of  grains, 
which  is  particularly  the  case  at  Stirling. 

4.  Carbonate  oe  zinc.  (Ca/iomine).  Besides  coating  the  red 
zinc  ore,  this  mineral  is  likewise  found  in  very  small  veins  or 
fissures,  appearing  to  be  of  subsequent  formation  to  the  mass 
which  encloses  them.  These  veins  arc  in  the  Franklinite, 
n6rtheast  of  Franklin  furnace.  The  colour  of  the  carbonate 
is  white,  without  lustre,  and  with  little  cohesion,  owing  to  its 
particles  being  in  an  earthy  state. 

5.  Siliceous  oxide  or  silicate  of  zinc  (CabmtTtc).  This 
mineral  is  found  both  at  Stirling  and  Franklin,  but  it  is  Only 
at  the  former  locality  that  it  occurs  in  sufficient  quantity  to 
merit  attention  as  an  object  of  importance  to  manufactures.  It 
presents  itself  in  the  form  of  concretions  or  grains,  also  in 
amorphous  masses,  and  likewise  in  crystals.  The  concretions 
(which  are  the  most  common  manner  in  which  it  exists)  are 
evidently  nothing  more  than  the  product  of  a  disturbed  cnrs- 
tallization ;  for  every  grade  between  them  and  the  perfect 
crystals  are  observable.  The  form  of  the  crystals  is  an  hex- 
agonal prism  with  dihedral  terminations,  the  faces  of  which 
repose  upon  the  lateral  edges  of  the  prism ;  the  angles  of  the 
faces  of  the  prism  are  130^,  and  of  the  faces  of  the  pyramid, 
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with  one  another,  about  118®  (?)  being  the  regular  hexagonal 
prism  with  a  rhomboidal  summit,  of  course  leading  to  a  reom- 
bohedron  for  the  primitive  form ;  many  of  the  crystals  are  an 
inch  in  diameter,  and  two  inches  long;  some  are  even  much 
lai^r.  The  faces  and  angles  of  the  prism  are  generally  well 
defined,  but  it  is  extremely  rare  to  find  the  pyramids  well 
determined,  owing,  in  some  cases  to  the  convexity  of  their 
angles ;  in  others,  of  the  faces  themselves,  and  also  to  various 
depressions  and  protuberances  arising  from  different  causes* 
From  these  circumstances,  we  cannot  positively  affirm  that 
the  terminal  faces  are  those  of- a  rhombohfedron ;  particularly 
as  we  have  not  been  able  to  observe  in  the  crystals  any  evi- 
dent marks  of  cleavages  parallel  to  these  faces,  nor,  in  fact,  in 
any  other  direction.  The  specific  gravity  of  this  mineral  is 
3.89  to  4. ;  it  forms  a  jelly  with  strong  acids,  and  is  infusible 
by  the  blowpipe. 

The  colour  of  the  silicious  oxide  of  zinc  varies  from  a  light 
greenish  yellow  (which  is  the  purest)  to  a  deep  flesh  red ;  it 
also  occurs  inclining  to  a  green,  brown,  gray,  and  even  to  a 
black  colour,  all  of  which  are  owing  to  variable  admixtures  of 
Franklinite,  garnet,  pyroxene,  &c.  The  colours  are  dull  and 
dirty ;  most  of  the  crystals  are  covered  with  a  brown  ochrey 
coating.  In  transparency  it  exhibits  every  degree,  from  the 
highly  translucent  to  the  opaque;  the  most  translucent  is  the 
light  greenish-yellow  variety,  which  is  the  kind  that  exists  in 
grains,  and  is  most  abundant. 

The  associates  of  the  silicious  oxide  of  zinc  are,  at  Stirling, 
the  Franklinite,  the  red  zinc  ore,  the  dysluite,  carbonate  of 
Kme,  and  mica ;  at  Franklin,  the  garnet,  pyroxene,  &c. 

Chemical  parU — No  loss,  or  any  change  whatever  by  cal- 
cination, consequently  anh vdrous ;  decomposable  by  all  the 
strong  acids ;  forming  a  jelly,  owing  to  liberated  silex.  It  was 
found  to  consist  of  silex  and  of  the  oxides  of  zinc,  iron,  and 
manganese,  the  analysis  having  been  made  upon  the  flesh 
coloured  variety. 

The  modus  operandi  was  to  heat  with  nitromuriatic  acid, 
until  a  decomposition  was  effected,  to  evaporate  to  dryness  in 
order  to  set  the  silex  free,  then  add  acidulated  water ;  the 
iiquor  was,  again,  gently  heated  and  filtered,  which  gave  the 
silex,  leaving  the  metallic  oxides  in  solution,  from  which  the 
oxides  of  iron  and  manganese  were  precipitated  by  ammonia 
in  excess.  The  zinc  was  then  obtained  from  the  solution* 
The  result  of  the  analysis  was, 
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Silex i        .  25.44 

Deutoxides  of  iron  and  manganewi  .        .        »       •       .         6.60 
OudeofsiQc,  by  dUTereDoe, 68.06 

loaoo 

Another  analysis^  made  by  Mr  Vanuxem,  upon  a  purer 
variety,  being  crystals  of  a  light  flesh  colour,  yielded, 

Silez, 26.00 

Oxide  of  sine, 71.33 

Oxide  of  manganefley .  2.66 

Oxide  of  iron, .67 

hogs,       .       '. .34 

100.00 

Abfe. — It  is  ndt  improbable,  from  the  different  analyses  and  cr^rstals  wbick 
we  have  of  the  combination  of  oxide  of  sine  and  silez,  that  there  are  two 
4pecies,  one  hydrousi  the  other^anhydrons. 


Art.  XX*"-j^n  Account  of  the  Earthquakes  which  occurred  in 
Sicily ^  in  March,  1823.  By  Sio.  Abate  Feriuiia,  Professor 
of  Nat.  Philos.  in  the  University  of  Catania^  &c.  &c. 
[TramlakafoT  this  Journal  by  W.  S«  ExfiRsoir.] 

On  Wednesday,  the  5th  of  March,  1833,  at  26'  after  5  p.  v., 
Sicily  suffered  a  violent  shock  of  an  earthquake.  I  was 
«tanainff  in  the  lar^e  plain  before  the  palace,  in  a  situation 
where  T  was  enabled  to  preserve  that  tranquillity  of  mind 
necessary,  for  observation.  The  first  shock  was  indistinct, 
but  tenduig  from  below  upwards ;  the  second  was  undulatory, 
but  more  vigorous,  as  though  a  new  impulse^  had  been  added 
to  the  first,  doubling  its  force ;  the  third  was  less  strong,  but 
of  the  same  nature ;  a  new  exertion  of  the  force  rendered  the 
fourth  equal  on  the  whole  to  the  second ;  the  fifth,  like  the 
'  first,  had  an  evideiit  tendency  upwards.  Their  duration  was 
,  between  sixteen  and  seventeen  seconds ;  the  time  was  pre- 
cisely marked  by  the  second  hands  of  a  watch  which  I  had 
with  me.  The  direction  was  from  northeast  to  southwest. 
Many  persons  who  ran  towards  me  from  the  southwest  at  the 
time  of  this  terrible  phenomenon,  were  opposed  by  the  resist- 
ance of  the  earth.  The  spear  of  the  vane  on  the  top  of  the 
new  gate  connected  with  the  palace,  and  upon  which  I  fixed 
my  eyes,  bowed  in  that  direction,  and  remained  so  until  the 
«abbatl^  when  it  fell ;  it  was  inclined  to  the  southwest  in  an 


Earthquakes  in  Skihf.  139 

angle  of  20*.  The  waters  in  the  great  basin  of  the  Botanical 
Garden,  as  was  told  me  by  an  eye  witness,  were  urged  up  in 
the  same  direction  by  the  second  shock ;  and  a  palm  tree, 
thirty  feet  high,  in  the  same  garden,  was  seen  to  bow  its  long 
leafless  branches  alternately  to  the  northeast  and  southwest, 
almost  to  the  ground.  The  clocks  in  the  observatory,  which 
vibrated  from  north  to  south,  and  from  east  to  west,  were  stopt, 
because  the  direction  of  the  shock  cut  obliquely  the  plane  of 
their  respective  vibrations  ;  and  the  weight  of  one  of  them 
broke  its  crystal.  But  two  small  clocks  in  my  chamber  kept 
their  motion,  as  their  vibrations  were  in  the  direction  of  the 
shock*  The  mercury  in  the  sismometer*  preserved  in  the 
observatory,  was  put  into  violent  motion,  and  at  the  fifth  shock, 
it  seemed  as  much  agitated  as  if  it  were  boiling. 

To  the  west  of  Palermo,  within  the  mountains,  the  earth- 

3uake  retained  litde  of  its  power ;  smce  at  Morreale,  four  miles 
istant,  trifling  injury  only  was  sustained  by  the  (benedictine) 
Monasterv  of  S.  Castrense,  the  house  of  the  P.  P.  Conviventi 
and  the  Seminary  dei  Cherici.  At  Parco,  six  miles  distant, 
Mary^s  College,  the  Monastery,  the  parish  Church,  and  a  few 
peasants'  cottages,  were  all  that  suffered.  At  Plana,  the  bat- 
dements  of  the  tower  were  thrown  down.  But  more  of  its 
power  was  felt  in  places  on  the  sea-coast,  as  appears  from  its 
efiects  at  Capaci,  four  miles  distant,  where  the  Cathedral  and 
several  houses  were  ruined,  and  at  Torretta,  fourteen  miles, 
where  the  cathedral,  two  storehouses  and  some  dwelling- 
houses  were  destroyed.  Beyond,  its  power  continued  to 
diminish ;  and  at  (Jastellamare,  twenty-four  miles,  the  state- 
house  alone  had  the  cleft,  which  was  made  in  1819,  enlarged. 
In  maritime  places  east  of  Palermo,  the  shock  was  iounense. 
At  Altavilla,  fourteen  miles  fi-om  Palermo,  the  bridge  was 
shaken.  At  Trabia,  twenty-one  miles,  the  castle,  e^nd  at 
Godiano,  the  cathedral  and  some  houses  were^  destroyed,— 
enormous  masses  from  Bisambra,  a  neighbouring  mount,  were 
loosened,  and  fell.  At  Termini,  twenty-four  mfles,  the  shocks 
were  very  violent,  exceeding  all  that  had  happened  within 
the  memory  of  its  inhabitants.  Those  of  1818-19  were  very 
strong,  but  the  city  received  at  those  times  no  injury;  now, 
the  convent  of  St  Antonio,  Mary's  College,  and  various  private 
houses  fek  its  efiects. 

The  warm  waters,  as  well  those  of  the  baths  as  those  from 
the  neighbouring  wells,  which  proceed  from  the  same  subter* 

*  An  iostniDient,  apparcDtly,  for  th«  purpose  of  showing  the  violence  of  tlit 
ehock  of  an  earthquake.-* Tr. 
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ranean  source  in  the  mountains  along  the  coa^t  of  Terminii 
increased  in  quantity  and  warmth,  and  became  turbid ;  con* 
sec^uences  that  alwaj's  succeed  convulsions  of  the  earth,  by 
which  their  internal  streams  are  disordered.  The  clay  tinged 
the  fluid'With  its  own  colour,  and  equal  volumes  of  the  water 
yielded  a  greater  quantity  of  the  clay  than  before,  when  the 
colour  was  deeper.*  Most  of  the  houses  in  xhe  little  new  town 
of  Sarcari,  two  miles  from  the  shore,  and  consisting  of  l^ss  than 
a  hundred  houses,  were  rendered  uninhabitable;  the  walls  were 
thrown  down,  and  the  more  lofty  buildings  were  all  damaged* 
The  effects  of  the  earthquake  are  found  to  be  greater  in  pro- 
portion to  its  advance  eastward. 

Forty-eight  miles  from  Palermo,  at  Cefalu,  a  large  city  on 
the  shore  of  a  promontory,  the  effects  were  various  and  inju- 
rious. Without  the  walls,  two  convents,  a  storehouse,  and 
some  country  houses,  were  injured,  but  no  lives  were  lost* 
The  sea  made  a  violent  and  sudden  rush  to  the  shore,  carrying 
with  it  a  large  ship  laden  with  oil ;  and  when  the  wave  retiree^ 
she  was  left  quite  dry;  but  a  second  wave  returned  with  such 
immense  force,  that  tne  ship  was  dashed  in  pieces,  and  the  oil 
lost.  Boats,  which  were  approaching  the  shore,  were  borne 
rapidly  forward  to  the  land,  but  at  the  return  of  the  water, 
they  were  carried  as  rapidly  back,  far  beyond  their  first 
situation*  The  same  motion  of  the  sea,  but  less  violent,  was 
observed  all  alone  the  shore,  as  far  even  as  Palermo.  Pollina, 
a  town  with  nine  hundred  inhabitants,  occupying  an  elevated 
position  at  a  little  distance  from  the  sea,  was  injured  in  almost 
every  building;  particularly  in  the  church  of  St  Peter  and 
Nunciata,  in  the  castle,  the  tower,  and  in  other  places.  Nor 
did  Finale,  a  little  nearer  the  shore,  suffer  less;  five  of  its 
bouses  fell  in  consequence,  on  the  eleventh  of  March. 

Beyond  the  towns  which  have  been  mentioned,  towards  the 
interior  of  the  island,  the  shock  was  vigorous  to  a  certain  ex- 
tent;  but  kept  decreasing  as  it  proceeded,  throughout  the 
whole  surface.  At  Ciminna,  south  of  Termini,  a  statue  was 
shaken  from  its  place  on  the  top  of  a  belfrey  in  front  of  the 
great  church,  and  a  part  of  the  clock  tower,  falling,  killed  one 
person,  and  badly  wounded  another.  In  Cerda,  the  shock  al^ 
fected  the  great  church,  some  houses,  and  half  of  one  of  the 
three  forts,  placed  near  the  city  to  support  the  earth  on  the 
side  of  a  great  declivity. 


*  The  warm  and  mineral  waters  of  St  Euphemia,  in  Calabria,  which  sprang 
up  after  the  memorable  earthquakes  in  J  638,  presented  the  same  pbenomeDa 
in  those  of  1783.    Grimaldi  descr.  dei  trem.  del.  1783. 

f 
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The  only  chnrch  in  Roccapalomba,  which  is  situated  at  the 
lop  of  an  acclivity,  wa^  ruined.    The  parish  church,  and  some 

{private  houses  in  the  litde  town  of  Sciliato,  were  overtlirown* 
n  Grattcri,  a  large  town  south  of  Cephalu,  injury  was  sustained 
by  the  church  of  St  James  ajid  other  iiousts.  Considerable 
damage  was  sustained  by  various  churches,  and  many  private 
houses  in  Colesano,  a  town  containing  two  thousand  inhabitants, 
and  situated  on  an  inclined  plain,  on  the  eastern  side  of  the 
mountains  of  Madonie.  One  of  the  Colleges  de  Maria  was  ren- 
dered uninhabitable.  The  hospital,  a  grand  fabric,  was  made 
a  heap  of  ruins.  The  loss  is  calculated  at  about  thirty  thou- 
sand onze.  In  the  vicinity  of  Pozziilo  and  St  Agata,  through 
a  large  extent  of  land,  many  long  fissures  and  caverns  were 
made.  Similar  caverns  and  fissures  in  argillaceous  chalk, 
were  opened  near  the  little  town  of  Ogliastro,  sixteen  miles 
southeast  of  Palermo.  At  Isnello,  at  the  foot  of  the  Madonie 
mountains,  the  injuries  which  were  received  in  181b,  were 
increased ;  Geraci,  among  the  same  mountains,  sufiered  a  like 
fortune  in  the  ruin  of  the  cathedral;  Castelbuono,  and  St 
Mauro,  within  the  same  regions,  were  damaged,  both  by  the 
former,  and  by  the  last  convulsions ;  by  the  last,  the  cathedra], 
the  church  of  St  Mauro,  and  five  private  houses  suffered  much. 
The  damage  done  to  Castelbuono  is  reckoned  at  twenty-two 
thousand  onze. 

I^he  northern  coast  of  Sicily,  towards  Cape  Cefalu,  after 
bending  to  form  the  eastern  part  of  the  great  bay,  included  on 
the  west  by  the  mountains  to  the  left  of  Palermo,  extends  into  the 
sea  towards  fk>lie,  (the  Lipari  islands)  and  presents,  towards 
them,  a  hollow  front,  the  western  part  of  which  is  formed  by  cape 
Orlando,  and  the  eastern  by  cape  Calava.  Places  situated  about 
this  bay,  suffered  the  most  violent  convulsions.  Nato,  containing 
four  thousand  souls,  and  situated  on  an  elevation,  was  almost 
entirely  laid  waste,  and  a  great  number  of  private  houses  de- 
stroyed^ the  monastery,  hospital,  the  churches  of  St  Peter, 
anime  del  purgatorio,  St  Demetrius,  and  the  cathedral,  were 
in  a  great  measure  overthrown.  The  Quartiere  del  Salvadore 
suffered  less.  A  transverse  cleft  was  made  in  the  earth,  and 
fears  were  entertained,  lest  the  whole  elevation  upon  which 
the  city  is  built,  should  be  overthrown.  Only  two  persons 
lost  their  hves ;  for  the  people,  warned  by  a  slight  shock  which 
was  felt  some  houi*s  before,  had  all  ffed  into  the  country. 
Direcdy  in  front  of  Vulcano,  one  of  the  isles  of  Eolie,  Patti, 
a  city  built  on  the  declivity  of  a  mountain,  and  at  the  distance 
of  half  a  mile  from  the  eastern  extremity  of  Cape  Calava, 
had  its  cathedral,  bishop's  palace,  convents,  and  many  pri- 
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vate  houses  injured*  With  the  copious  showers  of  the  fifth, 
fell  some  roofs ;  various  houses  in  the  country  were  ruined* 
Pozzodigotto,  Meri,  and  Barcellona,  were  injured  a  little*  At 
Barcellona,  a  wide  cleft  was  made  in  the  beliry  of  the  church, 
and  threatened  its  ruin*  The  shock  at  Milazzo,  on  the  sea, 
was  violent,  as  also  at  St  Lucia,  six  miles  from  It,  situated 
on  an  eminence ;  but  without  any  bad  consequences*  Some 
danoiage  was  done  to  the  hospital,  several  churches,  and  pri* 
vate  houses  at  Messina*  In  the  interior  of  Sicily,  the  motion 
was  communicated  as  if  it  were  far  from  the  centre  of  force ; 
in  some  places  towards  the  south,  some  buildings  which  were 
old  and  out  of  repair,  felt  the  effects ;  particularly  at  Caltau- 
turo;  and  at  AUmena,  in  the  cathedral  and  convent  of  the 
reformed*  The  shock  gradually  wasted  itself  as  it  advanced ; 
and  at  Catania  so  slight  was  the  impression  made  on  the  peo- 
ple, that  they  went  to  the  theatre  the  same  evening*  It  was 
perceived  by  a  few  persons  only  in  Syracuse,  and  in  some  of 
the  'neighbouring  towns*  In  the  district  of  Modica,  towards 
Cape  Passaro,  scarcely  one  felt  it.  No  bad  effects  were  pro- 
duced by  it  in  the  southern  parts  of  the  island ;  in  the  western 
it  was  felt,  but  without  injury*  It  was  pretty  strong  at  Alcamo, 
but  slight  at  Trapani* 

Injuries  at  Palermo. — The  ancient  city  of  Palermo  was 
founded  upon  a  rocky  tongue  of  land,  between  two  large  and 
deep  bays*  The  extremity  of  this  point  constitutes  at  this 
day  the  centre  of  the  modern  city*  Matter,  transported  thither 
by  the  water  from  the  interior,  and  thrown  up  by  the  sea,  to- 
gether with  the  labour  of  men,  has  gradually  filled  up  the 
lateral  spaces,  and  extended  the  peninsula  with  this  trans- 
ported and  alluvial  earth,  and  formed  the  present  soil*  It  is 
now  composed  in  part  of  calcareous  rock,  and  in  part  of  mud 
or  alluvial  earth ;  both  are  traversed  by  canals  and  large 
conduits  for  the  circulation  of  water  for  common  use,  and  by 
common  sewers  communicating  with  the  neighbouring  shore. 
The  adjacent  parts  present  a  surface  composed  of  calcareous 
tufa,  and  an  earthy  aggregate,  tender  and  friable ;  but  deeper 
down,  it  is  more  durable,  and  partly  siliceous*  The  facility 
of  cutting,  and  the  cheapness  of  the  tufa,  have  caused  its 
adoption  as  a  buildin|*stone,  contrary  to  the  custom  of  our 
ancestors,  as  appears  from  the  immense  excavations  and  pits 
about  Syracuse,  Girffenti,  and  some  others  of  the  ancient  cities 
of  Sicily.  Till  lately,  the  common  cement  was  composed  of 
a  fat  earth,  to  which  ashes  were  sometimes  added ;  it  was 
called  tajo.  Within  a  few  years,  lime  and  sand  have  been 
used*    But  they  do  not  always  employ  for  -lime,  that  stone 
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vhich  IS  hardest  and  most  proper ;  nor  that  which  requires 
an  equal  degree  of  h^at  in  calcination ;  nor  are  all  the  pieces 
white.  It  is  not  slaked  methodically,  nor  mingled  with  that 
patience  which  caused  the  ancients  to  say,  that  lime  should 
DC  tempered  by  the  sweat  of  the  brow.  And  here,  indeed,  this 
labour  is  the  more  indispensable,  as  Palermo  is  destitute  of 
puzzolana,  and  of  those  ferruginous  earths,  which  render  such 
valuable  service  to  those  volcanic  towns  of  the  island,  which 
can  obtain  a  cement  so  adhesive  and  durable. 

The  soft  rock  of  the  surface,  serves  in  large  masses  for 
a  foundation  upon  the  clay.  But  the  brittlcness  of  the  rocky 
and  the  instability  of  the  earth,  its  readiness  to  chajige  from  a 
level  at  the  least  motion,  or  by  the  action  of  moisture,  which 
the  air  and  soil  of  Palermo  make  permanent,  render  the  foun- 
dation very  far  from  firm.  I  have  seen  pieces  of  the  founda- 
tion of  lar^e  edifices,  so  entirely  reduced  to  earth,  as  to  be 
removed  with  a  spade.  This  inconvenience  exists  even  when 
the  rock  in  its  natural  situation  serves  as  the  base.  Where  a 
building  is  raised  upon  a  soil,  the  parts  of  which  are  of  different 
natures,  it  must  suffer  much  from  the  unequal  resistance  of  this 
soil.  The  right  side  of  the  ro^  palace,  has  for  several  years 
been  inclining  from  a  perpendicular,  in  consequence  of  its  hav- 
ing been  placed  on  the  ancient  alluvial  formation,  while  the 
remainder  of  the  building  rests  on  a  rock.  Sometimes  we  see 
buildines  raised  on  an  inclined  plane,  with  one  part  of  the  base 
more  elevated  than  the  other;  in  this  case,  it  is  evident  that 
the  oblique  pressure  is  compounded  of  two  forces ;  one,  per- 
pendicular to  the  resistance,  and  which  is  overcome  by  it;  the 
other,  parallel  with  the  resistance,  but  which,  not  entering  into 
the  action,  operates  in  its  own  direction.  The  equilibrium  is. 
thus  destroyed,  and  the  stability  of  such  buildings  cani^  be 
of  long  duration. 

Our  author  goes  on  to  speak  of  the  necessity  of  having 
acute  angles  to  many  of  the  streets  on  account  of  their  crook- 
edness, and  how  liable  buildings  are,  from  this  circumstance, 
to  be  thrown  down ;  that  regular  foundations  are  not  very 
much  used ;  and  even  when  used,  are  soon  destroyed  by  the 
action  of  the  atmosphere,  by  water,  and  many  other  causes. 
He  finds  fault  with  the  forms  of  the  stones  used  in  building, 
with  the  cement,  its  want  of  adhesion ;  and  compares  houses 
constructed  in  this  manner  with  those  of  ancient  Tyndaris, 
many  of  the  walls  of  which,  standing  on  the  top  of  some  of  the 
highest  mountains,  were  so  well  balanced,  the  pieces  so  niqely 
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cut  and  jointed,  even  without  any  cement  at  all,  that  they  have 
stood  firm  for  a  thousand  years. 

Upon  foundations  so  infirm,  and  with  materials  so  frail, 
buildings  are  raised  to  the  height  of  four  or  five  stories.  He 
next  remarks  on  the  disproportion  of  the  thickness  of  the  walls 
to  the  weights  they  sustain.  Though  diminishing  exceedingly 
in  thickness  from  bottom  to  top,  they  are  still  very  much  weak* 
ened  by  the  great  number  of  windows,  are  overburdened  by  im- 
mense cornices,  and  little  chambers,  and  kitchens,  projecting 
fearfully  beyond  the  sides ;  and  by  terraces  and  balconies, 
loaded  with  enormous  vases  of  stone.  The  beams  which 
support  "the  floors,  scarcely  touch  upon  the  walls,  are  not 
charred  nor  faced  with  leaci,  to  defend  them  against  the  mois- 
ture, and  are  almost  always  injured  by  the  lime  in  which  they 
lie.  Many  particulars  of  this  kind,  our  author  has  mentioned, 
all  tending  to  shew  the  great  want  of  prudence  in  the  manner 
t>f  building. 

In  the  night  of  the  first  of  September,  1726,  continues  Pro- 
fessor Farrana,  an  earthquake  destroyed,  or  very  much  in- 
jured, all  the  buildings  situated  on  the  muddy  soil ;  and  many, 
which  were  out  of  repair  or  badly  constructed,  placed  on  rock. 
Earth  of  the  nature  of  the  first,  is  less  capable  of  receiving 
motion  from  a  shock  than  the  last,  since  it  possesses  less  re- 
sistance. But  facts  shew  that  this  advantage  is  more  than 
compensated  by  want  of  stability  in  edifices  raised  upon  it. 
At  Messina,  in  1783,  all  the  buildings  upon  a  plain,  and  upon 
earth  thrown  up  by  the  sea,  were  destroyed ;  while  those  on 
the  neighbouring  hills  were  not  moved.  The  same  happened 
at  Calabria,  and  in  1805,  in  the  district  of  Molise.  In  this 
acciunt  we  should  notice  the  cavities  made  in  the  earth.  They 
were  esteemed  by  the  ancients  as  preservatives  against  earth- 
quakes, not  by  anbrding  an  outlet  to  the  subterranean  vapours, 
as  some  have  thought ;  but  by  interrupting  or  diminishing  the 
course  of  the  shock. 

The  houses  were  rebuilt  in  the  same  situation,  and  after  the 
same  mode ;  the  fissures  of  those  which  were  damaged,  were 
as  we  now  observe  them,  only  covered  over  on  the  outside  by 
a  slight  coating  of  lime.  These  very  places,  and  precisely  the 
same  houses,  were  this  year  laid  waste ;  and  so  they  will  al- 
ways be  in  future,  unless  a  more  prudent  and  more  reasonable 
method  shall  regulate  new  buildings  and  new  repairs. 

Professor  Ferrara  proceeds  to  give  a  very  particular  account 
of  efiects  of  the  shock  upon  buildings  in  different  situations. 


Whlcl)  it  would  be  hardly  interesting  to  repeat  liere.  Most  of 
the  injury,  he  says,  was  done  by  tne  second  impulse  of  the 
shock,  when  the  spear  of  the  vane  on  the  new  gate  was  bent, 
and  the  water  in  the  basin  in  the  Botanical  Garden  was  forced 
TiiJently  up  one  side.  Iihmediately  after  the  shock,  he  re- 
marks, the  apparent  injuries  were  not  very  ereat ;  but  the 
Uow  was  given;  and  the  long  and  ^undant  snowers  of  rain 
which  succeeded  continued  to  develope,  and  increase  the 
injuries,  and  now,  though  not  very  many  buildings  are  entirely 
destroyed,  yet  there  is  scarcely  one  which  Jias  not  received 
some  damage.  Here  follow  some  notices  of  the  dreadful 
consequences  which  befel  many  of  the  inhabitants,  from  the 
falling  of  the  timbers  and  stones  and  walls ;  of  the  vases  from 
the  piazzas  into  the  streets  and  many  other  things  which  it  ia 
unnecessary  to  mention  more  particularly.  Nineteen  person^ 
were  killed  and  twenty-five  wounded ;  in  the  earthquake  of 
Sept.  1.  1726,  four  hundred  were  killed  and  very  manjf 
wounded. 

In  the  close  of  this  chapter  he  remarks,  do  not  these  sad 
fects  impress  us  with  the  necessity  of  every  attention  in  the 
construction  of  new  edifices  f  Already  have  the  zeal  of  the 
governor,  the  facilities  offered  by  the  senate,  and  the  concern 
of  the  active  citizens,  given  a  strong  impulse  to  the  repara- 
tion of  the  disasters.  Soon  will  the  shadow  of  the  past  ca- 
lamity pass  away,  and  the  grand  city  of  Palermo  will  be  still 
more  beautiful.  When  we  reflect  upon  the  immense  list  of 
earthquakes  which  Sicily  has  suffered,  and  the  possibility  of 
its  increasing  every  moment,  we  feel  the  inevitable  necessity 
of  holding  ourselves  strongly  prepared  to  meet  the  suddea 
assaults  of  so  powerful  an  enemy.  Messina,  which  suffered 
so  much  in  1783,  although  violently  moved  by  this  last  Aock, 
experienced  from  it  no  bad  effects ;  for  this  noble  city  has 
risen  from  her  ancient  ruins,  robust  and  majestic.  Catania, 
in  1818,  was  convulsed  m  a  terrible  mapner,  but  its  inhabi- 
tants were  enabled  to  contemplate  without  a  tear  all  the  little 
injury  sustained  by  their  beautiful  fabrics.* 


*  After  the  fatal  earthquake  of  1698,  in  Catania,  hy  which  eighteen  thon- 
tand  persons  perished ,  the  people  began  to  boitd  ot  one  story  and  alwajrs 
after  the  plan  of  barraclM.  But,  as  the  fear  passed  from  their  minds,  tber 
raised  their  houses  two.  stories,  and  sometimes  even  three,  and  not  witQ 
much  solidity.  Since  the  middle  of  the  last  century,  the  excellent  materials 
served  them  by  Etna,  the  good  method  and  prudent  regulation  of  the  stories, 
have  promised  long  duration  to  this  city,  h  may  possibly  be  iniured,  but 
cannot  be  easily  ruined,  although  at  the  foot  of  tlte  most  formidable  volca- 
no in  the  world.    After  the  catastrophe  of  the  6th  of  March  in  Palermoi  tJie 
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Succeeding  Shocks 

After  the  shock  of  the  5th,  the  black  clouds  which  covercci 
the  heavens  on  the  north  and  west  formed  a  dark  band,  meas-* 
uring  from  the  zenith  towards  the  horizon  60°,  and  extending 
from  north  to  south«  It  was  terminated  at  base  by  a  circular 
line, '  passing  from  north  to  south,  through  the  west,  and  ele-^ 
vated  at  the  southern  part  about  30*  above  the  horizon.  The 
sky  itself  was  very  clear,  and  its  extreme  brightness  was  in- 
creased by  the  contrast  with  the  dark  band  above,  and  by  the 
sun  just  on  the  point  of  setting.  A  litde  below  the  band  were 
two  other  lines  parallel  and  perfectly  regular.  This  myste- 
rious appearance  inspired  with  fear  the  minds  of  the  people, 
who  are  always  seeking  in  the  heavens  for  signs  of  future 
events.  But  it  prepared  a  tempestuous  night  which  followed, 
with  torrents  of  rain,  with  thunder,  snow,  hail,  and  wind.* 

Lieutenant,  the  Pretor,  Senators,  and  Police  exerted  alf  their  seah  They 
obliged  proprietors  to  prop  up  their  houses  within  twenty-four  hours ',  or  to 
demolish  them  if  they  were  not  susceptible  of  proping.  «  The  Senate  took 
upon  themselves  the  charge  of  repairing  the  bouses  of  poor  proprietorsi  to- 
gether with  the  expenses. 

*  In  all  times  signs  have  been  mentioned  as  announcing  earthquakes  near 
at  hand.  People  read  them  in  thfi  air  and  upon  the  earth ;  and  some  philos* 
ophers  even,  have  given  them  credence.  The  frequent  occurrence  oi  these 
signs,  without  the  expected  phenomena,  is  a  sufficient  argument  against 
them.  But  less  uncertain  are  those  which  accompany  the  phenomena,  as 
rain  and  thunder.  To  that  of  1693  such  fearful  storms  succeeded,  that  for 
many  hours,  at  Catania,  the  groans  and  voices  of  the  miserable  wretches- 
buried  under  the  ruins,  were  drowned  by  the  roaring  of  the  torrents  of  rain  and 
the  tremendous  thunders.  The  same  circumstances  took  place  at  Calabria, 
in  1783 ;  and  we  were  w^itnesses  of  the  same,  on  the  night  of  the  fifth  of 
March. .  An  extraordinary  quantity  of  electric  fluid  is  developed,  and  beine 
conducted  from  tlie  deep  cavities  uf  the  earth  to  the  surface,  by  the  force  oi 
equilibrium,  produces  there  extraordinary  vaporiaatiun,  when  hygrometers 
have  shown  extreme  dryness.  The  atmosphere,  charged  beyond  measure 
with  vapours,  will  give  room  to  their  decomposition,  which  changes  them  in- 
to vesicles  and  then  into  rain.  Fiery  meteors  will  be  produced  bv  the  elec- 
tric fluid,  liberated  by  the  passage  of  the  vapours  to  water.  It  hydrogen 
gass  escape  from  the  ear\h,it  mav  be  inflamed  by  the  electric  spark  and  pre- 
sent the  appearance  of  fires.  I  should  mention  ber^,  that  in  volcanic  regions, 
signs  may  sometimes  precede  earthquakes ;  but  this  happens  there  by  the . 
proximity  of  the  place  of  the  subterranean  operations  to  the  surface  of  the 
earth,  which  circumstance  connects  the  internal  phenomena  with  those  of 
the  adjacent  atmosphere.  '  On  the  morning  of  the  84h  of  Maroh,  1669,  at 
Pidara,  a  town  on  the  side  of  £tna,  the  air  becaoje  obscure  as  by  a  partial 
eclipse  of  the  sun  ;  soon  after  the  earth  began  to  shake,  and  continued  89 
until  the  11th,  when  an  immense  fissure  opened  near  Nicolosi,  a  neighbour- 
in  t;  town,  a  sparkling;  light  appeared  over  tne  fissure  ;  and  on  that  very  day, 
while  the  terrible  shocks  were  levelling  Nicolosi  with  the  ground,  an' enor- 
mous burning  river,  amidst  horrid  rumblings,  roarings,  and  explosions,  waa 
belched  out,  which  flowed  fifteen  miles,  covering  a  great  extent  of  land,  and 
for  four  months  spreading  terror  over  Sicily.  Bor.  de.  inc,  JEtn.  Fcrr,  Deter. 
dcirEtna, 
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On  the  niffht  of  the  6th,  at  fortj>five  minutes  past  one,  in  St 
Littcia  de  Millazzo,  six  miles  from  the  shore  which  looks  towards 
Volcano  and  Stromboli,  a  severe  shock  was  felt,  and  after- 
'wards,  at  various  intervals,  horrible  noises  were  heard,  four 
distinct  times,  rumbline  fearfully  beneath  them ;  and  finallj, 
at  half  past  three  o'clock,  the  shock  was  repeated.     Both 
were  £elt  at  Messina,  but  without  any  Subterranean  noises. 
Nothing  of  it  was  felt  at  Palermo,  or  in  any  places  in  the  west. 
At  fifty-six  minutes  past  ten,  in  the  night  of  the  7th,  another 
shock  was  felt  at  Palermo,  sufficiently  strong  to  put  in  motioa 
the  pendulum  of  a  small  clock,  which  I  had  stopped  that  I 
might  regulate  it  in  the  morning.     Its  vibration  from  N*  E.  to 
&  W  •  showed  me  with  certainty  the  direction  of  the  shock. 
Light  ones  were  felt  on  the  26tfa.      On  the  31st,  at  two  and 
fifty-two  minutes,  P.  M.  ooe  was  felt  at  Messina,  moderately 
severejof  five  or  six  seconds  duration,  and  undulating.     Two 
^  others  on  the  first  of  April,  and  one  at  Costelbuono  on  the 
98th.     I  should  add  that  they  mention  a  slight  one  there  on 
the  16th  of  February,  but  they  are  more  certain  of  those  of 
Che  5th  of  March,  one  at  1.  p.  m.  the  other  at  three.    These 
were  they,  which  induced  the  inhabitants  of  Naso  to  leave 
their  habitations  and  flee  into  the  country,  where  they  were 
when  their  city  was  laid  waste.     Here  the  professor  men- 
tions many  other  places,  in  which  small  shocks  were  felt,  in 
July  and  August ;  but  as  no  important  remarks  are  made,  we 
pass  over  them  to  his  more  interesting  chapter  of  physice^l 


observations. 


Physical  Observations* 


When  the  people  about  Etna  perceived  their  houses  begin- 
frinff  to  shake,  they  turned  their  eyes  towards  the  volcano, 
and  waited  in  expectation  of  an  immediate  eruption.  And 
while  they  looked,  fearful  apprehensions  filled  their  minds, 
and  they  prayed  that  the  event,  be  it  what  it  would,  might 
take  plac«  at  once.  ^ 

The  philosopher,  who  observes  the  phenomena  of  nature, 
for  the  sake  of  reducing  to  the  same  class  those  of  an  analo- 
gous origin,  and  thence  to  deduce  them  from  the  6ame  cause, 
observes  the  link  which  connects  earthquakes  with  volcanic 
operations,  and  sees  with  the  ignorant  vulgar.,  those  mighty 
forces  preparing  in  the  subterranean  furnace  which  are  able 
to  put  in  motion  immense  masses  of  the  solid  globe  and  to 
-agitata  them  as  water  b  agitated  by  a  violent  wind.     The 
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Eruption  of  Etna  in  181 1  was  interesting  from  tbe  grtedectf  of 
the  spectacle  which  it  presented,  and  no  less  so,  from  the  in^ 
struction  which  it  conveyed  to  the  naturalist.  A  new  open* 
kig  was  made  on  the  surface  of  the  mountain.  Explosions  of 
tremendous  force  preceded  the  emission  of  immense  column* 
of  smoke  and  inflamed  masses  of  matter,  which  were  incessant^ 
ly  belched  out  towards  heaven,  and  whose  approach  was  an^ 
nounced  by  horrid  roarings  and  explosions  which  filled  the 
air  to  a  great  distance*  Each  explosion  was  accompanied  by 
shocks ;  and  as  the  interval  between  them  was  of  but  a  few 
minutes .  duration,  the  city  and  country  to  a  vast  extent  wer^ 
in  a  continued  undulation.  For  many  days  at  Catania^ 
eighteen  miles  distant,  w^  were  rocked  as  though  we  had 
been  upon  the  sea.  Some  of  the  shocks  were  very  violent. 
The  door  of  my  chamber  which  I  left  purposely  ajar,  kept  a 
t;ontinued  beating  against  its  side  posts.  The  shocks  lasted 
as  long  as  the  %'olcano  was  in  operation,  i.  e.  for  more  thaa  ^ 
time  months ;  and  when  the  external  phenomena  disappear* 
^,  the  internal  fire  not  being  yet  extinguished,  deep  subten* 
ranean  rumblings  and  explosions  were  heard,  and  shocks  fek 
at  each  report. 

When  the  fire  invests  substances,  it  rarefies  their  masses  to 
B  great  degree ;  the  acquisition  of  new  volmne  f»-oduce6  «i 
proportionate  expansion  ^  and  under  the  action  of  an  enor- 
mous accumulation  of  inflamed  matter,  a  passage  cs  made  for 
it  with  sudden  and  fearful  energy.  The  expansion  of  water, 
for  example,  under  a  medium  pressure  of  the  atmosph^*e,  ia 
1728  times  its  first  volume,  and  it  increases  in  the  ratio  of  the 
beat.  At  1 10°  ol  Rea.  the  pressure  is  equal  to  four  atmospheres 
onlv.  The  explosion  of  a  single  barrel  of  powder,  shocks 
and  overthrows  the  whole  vicinity.  If,  then,  a  subterranean 
stream  of  water  happens  upon  places  where  volcanic  fires  are 
burning,  it  is  at  once  converted  into  steam,  acquires  a  density 
proportioned  to  the  resistance  of  the  mass  of  earth  above  it, 
circulates  about,  and  agitates  the  most  solid  mountains  and 
great  tracts  of  land,  untU  losing  its  heat  in  the  cavities  of  the 
earth,  it  returns  to  the  state  cJ  water,  without  having  given 
any  external  marks  of  its  existence.  Ft  seems  that  the  return 
of  the  terrible  phenomenon  is  owing  to  the  flow  of  water  into 
places  on  fire— of  water,  the  streams  of  which  are  determined 
only  by  accidental  causes. 

The  vast  furnace  in  the  interior  of  the  earth  being  inflam- 
ed, the  fire  attacks  every  thing  exposed  to  its  influence,  some 
are  liquified,  while  others  are  converted  to  vapour ;  these,  de- 
veloping their  volmnes,  form  a  system  of  force  moving  wii^ 


imifteagiireble  pow^*  The  sabterranean  canities,  little  able 
lo  coBtam  them,  are  nolestlj  convulsed  in  all  their  dimen- 
sions ;  and  this  efiect  is  transmitted  by  the  solid  earth,  to  dis- 
tances pn^rdoned  to  the  quantity  of  force,  to  the  transmis^ 
sire  power  of  the  body  moved,  and  to  various  local  circum> 
stances  favourable,  or  otherwise  to  the  propagation  of  motion. 
After  having  combatted  with  the  obstacles  which  oppose^ 
roaring  under  the  earth,  like  the  winds  of  Eolus.  to  find  an 
outlet  from  the  places  in  which  they  were  produced,  they  circu- 
late in  various  canals,  until  a  cold  temperature  deprives  them 
of  the  heat  which  gave  them  such  power,  and  they  sink  into 
their  former  state.  Often,  however,  they  drive  before  them 
the  matter  which  the  heat  has  liquified;  and  urging  it  towards 
the  ancient  mouths  of  volcanos,  belch  it  out  in  flaming  rivers 
in  the  midst  of  the  terrible  phenomena  which  they  themselves 
produce.* 

Urged  by  the  passion  for  observation,  I  have  often  decend* 
ed  into  the  horrid  cavity  of  the  crater  and  approached  near 
the  blazmg  brink  of  the  new  orifices  which  have  vomited 
Ibrth  streams  of  fire  in  my  own  time ;  I  have  seen  immense 
torrents  of  aqueous  vapour  urged  from  the  vast  chimney, 
whose  base  is  lost  in  the  deep  furnaces  below;  I  have  been 
bathed  in  the  water,  to  which  the  vapour  was  reduced  by  the 
low  temperature  of  the  atmosphere  mto  which  it  entered ;  &£• 
ten  have  I  seen  it  fall  in  fine  showers  all  around  me.  Having 
penetrated  into  the  recesses  of  the  globe,  it  is  in  this  manner 
forced  out  again  by  the  heat  to  which  it  is  exposed.  I 
have  observed  the  hydrogen  gas,  one  time,  burning  with  its 
peculiar  colour,  at  another,  bursting  forth  with  a  loud,  deep 
explosion ;  the  sulphuric  and  muriatic  vapours,  whitening  t}^ 
immense  clouds  of  smoke,  and  filling  all  the  air  with  their 
sufibcating  breath;  or,  seizing  upon  the  solid  substances 
around  remaining  fixed  upon  them.  Fused  substances,  forced 
up  by  the  elastic  vapours,  are  disgorged  from  the  same 
mouths,  spread  about  in  torrents  of  fire,  and  consolidated  by 
the  contact  of  the  air.    Is  it  not  possible  that  the  seat  of 


*Io  my  "  DeacriplioD  of  iEtna,"  I  have  proved  that  the  fumaoes  to  this 
volcano  cannot  be  under  the  foundation  of  the  mountain,  but  at  various  dis- 
iances  fron  it.  The  immense  vaults,  which  must  have  been  formed  after  so 
many  ages  of  conSagration,  would,  at  the  first  violent  Hboclc,  have  swallow- 
ed up  the  whole  mountain ;  and  the  combustible  materials  would  have  been 
exhausted  in  so  small  a  circumference.  The  inflamed  matter  in  different  situa- 
tions, from  causes  established  by  long  usage,  flows  towards  £tna,  and  is  eject- 
ed by  .It.  Seneca  acknowledged  this  truth;  ignem  in  ipso  flvootenon  uHt 
nentum,  9ed  viam  habere.    £pi9.  79, 
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these  products  may  not  be  extremely  deep,  and  that  yet  thejf 
may  reach  the  surface  ?  Who  knows  but  in  other  places, 
those  grand  laboratories  of  nature,  from  causes  which  will  al- 
ways elude  our  investigation,  may  be  so  deeply  seated,  that 
their  productions  never  arrive  at  the  surface,  and  that  no 
other  evidences  of  their  existence,  no  other  effects  of  their 
action  are  perceptible,  but  the  shaking  of  the  earth,  and  the 
rumblings  which  the  aeriform  elastick  vapours  make  in  the 
cavities  of  the  earth,* 

Three  principal  furnaces  have  their  outlets  on  the  three 
sides  of  Sicily,  and  each  with  a  force  proportioned  to  the 
circumstances  which  supply  it  with  combustible  matter,  ^tna 
on  the  eastern  side  by  the  immensity  of  its  power  rules  the 
whole  island.  When  in  full  action  the  island  trembles  to  its 
foundation,  and  feels  the  mighty  power  which  has  borne  rule 
there  from  time  immemmorial.  Its  roarings  are  heard  from 
one  extremity  to  the  other ;  but  the  parts  most  agitated  are 
those  in  its  neighbourhood  and  those  between  it  and  Cape 
Passora,  a  space  of  about  a  hundred  miles. 

The  mpuntain  of  Sciacca,  on  the  southern  shore  towards 
the  west,  seems  to  cover  a  place  where  the  elements  have  been 
in  ceaseless  operation  for  ages.  From  dark  caverns  which 
open  in  the  more  elevated  parts,  torrents  of  water  in  the  form 
of  heated  vapour,  with  sulpnurous  gases,  are  ejected.  Having 
penetrated  into  the  internal  recesses,  but  unable  to  extinguish 
the  fermentation,  the  water  becomes  invested  with  fire,  is 
converted  into  vapour  and  thus  exhaled  into  our  atmosphere* 
The  extrication  of  the  steam  causes  in  the  internal  caverns, 
a  deep  roaring  and  often  fearful  convulMons,  felt  at  a  great 
distance.  At  such  times,  Sciacca,  at  the  foot  of  the  mountain, 
experiences  the  most  violent  commotions.  In  1578  it  was 
reduced  to  ruins.  In  1652  for  15  days  it  suffered  the  most 
severe  and  unremitted  shocks.  For  some  months  in  1724  the 
earth  was  so  frequently  and  violently  agitated  that  all  the 
inhabitants  fled  into  the  country.  In  September  1726,  all  the 
Western  part  of  Sicily  was  shaken  with  the  greatest  severity ; 


*  The  deficiency  of  volcanoes  in  any  place,  ought  not  to  be  niiide  an  ar- 
gument ngaiust  the  existence  of  igneous  fermentation  nnderthat  place,  since 
it  may  be  plead  at  a  great  depth,  or  at  least  not  sdfBciently  large  to  form 
an  eruption.  And  indeed,  notwithstanding  the  numerous  volcanoes  which 
have  burnt  at  one  time  or  other,  in  almost  every  region,  may  it  not  be  pos- 
sible that  there  is  still  but  one  great  reservoir  of  fire',  the  remains  of  that 
which  in  remote  ages  has  burst  out  in  Portugal,  Spain,  the  South  of  France, 
Italy,  the  Islands  of  Great  Britain,  Grermany,  Bohemia,  about  the  BosphortM^ 
«n  the  Coasts  of  Asia  and  in  many  other  places f 
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ttid  in  Palermo  at  tliat  time  many  lives  were  lost,  and  many 
edifices  destroyed ;  in  June  of  1 740,  Siracca  felt  22  shocks 
with  injury  to  buildings  and  loss  of  lives ;  that  of  the  25th 
mas  of  such  immense  force,  that  it  extended  as  far  as  Palermo* 
After  the  middle  of  December  1816,  the  inhabitants  heard 
extraordinary  rumblings  under  the  mountain  and  in  January 
of  the  succeeding  year,  the  shocks  were  so  frequent,  that  12 
were  sometimes  counted  in  one  day,  and  so  violent,  that  it 
seemed  that  the  foundations  of  buildings  must  be  rooted  up— 
the  rumblings  and  explosions  under  the  mountain  became 
fearfully  loud — and  the  sea  dashed  in  great  waves  against  the 
shore  at  its  foot.     Sambuca,  15  miles  distant,  suffered  much 
injury.     A  strong  odour  of  sulphur  pervaded  the  air  all  about 
Sciacca.    While  nature  was  in  this  agitation  in  the  western 
part  of  the  island,  the  eastern  was  enjoying  perfect  quiet* 
Over  against  Sciacca  at  the  distance  of  70  miles,  Pentellaria 
rises  firom  the  sea,  and  presents  the  same  phenomena:  an 
island  of  lava,  and  other  burnt  matter,  and  streams  of  heated 
vapour  of  water,  and  of  sulphur  issuing  incessantly  from  its 
cavities,  shew. a  great  fermentation  in  the  deep  caverns  under 
the  sea,  and  to  which  little  is  wanting  to  renew  its  ancient 
conflagrations.    Off  the  northern  coast  of  Sicily,  is  situated  a 
chain  of  islands  extending,  from  east  to  west  and  terminating 
with  Ustica  at  the  distance  of  42  miles  from  the  western  shore 
of  Palermo.    All  of  these  islands,  sons  of  volcanic  fire,  which 
has  raised  them  from  under  the  depths  of  the  sea,  bear  the 
impressions  of  the  terrible  element;  and  some  are  still  buriN 
ing  and  serve  as  outlets  to  the  subterranean  furnaces.    Vul- 
cano,  22  miles  from  Cape  Milazzo,  bums,Toars,  thunders,  and 
belches  out  continually  immense  columns  of  smoke  and  flame. 
Stromboli  ceases  not  a  moment  in  vomiting  forth  smoke,  flame, 
and  streams  of  vapour,  which,  rushing  from  the  inflamed 
mouth,  produce  a  horrible  roaring,  spreading  terror  among  all 
the  Eolian  islands  and  the  adjacent  coasts  of  Sicily  and  Cala- 
bria.   Lipari  still  preserves  in  its  baths,  a  part  of  that  heat 
which  one  da^  fused  intb  glass  the  matter  of  which  it  is  form- 
ed.   The  action  of  these  islands  has  almost  always  troubled 
Sicily.     Early  one  morning  in  February,  1444,  enormous 
masses  of  heated  matter,  amidst  huge  volumes  of  smoke  and 
flame,  were  raised  from  the  summit  of  Vulcano  and  hurled 
about  the  sea  to  the  distance  of  six  miles,  while  strong  shocks 
agitated  this  island,  and  Sicily.*    Other  flaming  masses  were 

*  Fas.  dec.  1. 
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thrown  out  on  the  24th  of  August  16S1,  which  driven  by  the 
wind  passed  over  Naso  in  Sicilj,  directly  in  front  of  Vulcano, 
and  on  the  next  day  this  unhappjr  city,  by  the  violence  of  the 
convulsions  of  the  earth,  was  .entirely  laid  in  ruins.  Many 
persons  were  injured,  A  cleft  was  made  in  the  soil  from 
which  a  very  strong  odour  of  sulphur  issued.*  On  the  22 
of  April  1717  at  dawn  of  day,  a  deep  subterranean  murmur 
was  heard,  accompanied  by  a  severe  earthquake,  the  shocks 
of  which  were  felt  all  along  the  northern  shore  even  to  Mes- 
sina. But  the  places  which  suffered  most  were  those  nearly 
over, against  Vulcano,  as  Milazzo,  Pozzodigotto  Castrorealo 
26  miles  distant  from  it.  The  last  city  was  entirely  .ruined.t 
Shocks  were  renewed  in  the  same  places  in  1732;  and  with 
much  greater  force  in  1 736,  when  the  whole  northern  coast 
was  violently  affected,  particularly  Palermo,  Ciminna  which 
was  much  damaged,  and  Naso  which  suffered  still  more.| 
On  the  4th  of  May  1739  abmit  5  o'clock  P.  M.  the  inhabitants  . 
of  St.  Marco,  a  town  back  of  Naso,  saw  thrown  from  the 
mouth  of  Vulcano  immense  clouds  of  smoke  and  burning  . 
matter,  which  driven  by  the  wind  came  roaring  and  thunder- 
ing over  Sicily,  letting  lall  perpendicularly  into  the  sea  and 
on  the  neighoouring  shore,  flaming  matter  which  gave  out 
on  every  side  bright  sparks  and  struck  with  fearful  crashes. 
It  passed  over  Naso  and  St.  Marco,  and  went  on  wasting  it- 
self in  the  interior.  Such  phenomena  were  unlucky  omens  to 
these  unhappy  towns.  At  12  o'clock  on  the  9th  a  dreadful 
howling  from  Vulcano  was  followed  by  a  violent  shock,  which 
after  a  few  moments  was  repeated  with  many  explosions ; 
more  than  a  hundred  were  counted  within  six  days,  and  an- 
'  other  on  the  twenty-first.  Great  rocks  were  detached  from  the 
mountains  in  the  vicinity.  Another  flaming  mass  on  the 
ninth  of  June  darted  frpm  Vulcano  and  passed  over  Sicily ; 
shocks  were  felt  till  the  twenty-second  accompanied  by  bowl- 
ings and  numerous  explosions  from  the  burning  mountain. 
St.  Marco  suffered  exceedingly,  but  Naso  was  entirely  destroy- 
ed.§    The  Volcanoes  of  Eolie  contributed  much  to  the  eartn- 

S Mikes  of  Calabria  and  Messina  in  1783.  Stromboli  was 
most  always  in  great  commotion.  For  many  days  it  seemed 
like  a  mad  bull,  which  raised  above  thd  waves,  by  his  roaring 
filled  Calabria  and  Sicily  with  terror.  Vulcano  often  accom- 
panied it,  and  its  deep  rumblings,  and  vast  columns  of  smoke 
and  flame  were  terrible. 

*  Carr.  Dial  il  Boaan.       f  Bott.  de  TriD.ten.  Mess.  1717. 
X  MoDg.  Slor.  dei^trem.       §  Amico  Auct.  ad  Faz.  Moog.  1.  o. 
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After  the  violent  earthquake  of  Sciacca  in  1816,  the  same 
evil  fortune  happened  to  other  parts  of  the  island.  On  the 
fifteenth  of  April  1817,  a  severe  shock  terrified  the  people  of 
Caltagirone  in  Valdiuoto,  and  of  the  neighbouring  places* 
One  happened  at  Catania  in  October,  and  another  on  the 
twentieth  of  February  of  the  following  year,  1818,  which  was 
enormous.  All  the  towns  about  Miim  were  ruined  and  many 
lives  lost.  Catania  felt  its  injurious  effects.  It  was  felt  all 
over  the  Island,  since  at  Palermo  it  produced  three  undula- 
tions. Others  which  followed  it,  and  which  continued  to 
agitate  Catania  and  the  neighbouring  region  until  April,  were 
felt  with  ^eater  force.  All  these  shocks  were  the  precursors 
of  the  grand  eruption  of  ^tna^  which  burst  out  on  the  twenty- 
seventh  of  May  1819,  and  which  lasted  until  August.  While 
Sicily  was  U'embling,  this  the  volcano  was  making  its  prepar- 
ations in  silence*  The  effects  of  the  operations  of  JBtna  are 
felt  in  places  at  a  great  distance  from  the  mountain.  After 
the  troubles  of  February  and  April,  Catania  and  its  vicinitj 
enjoyed  repose  until  the  eighth  of  September  when  all  Ma- 
donia  was  convulsed.  Other  shocks  succeeded  in  October 
and  November.  On  the  twenty-fifth  of  February  1819  a  very 
severe  one  was  felt,  which  extended  to  a  great  distance. 
At  Palermo  three  motions  were  produced,  the  last  of  which 
was  very  violent.  The  shocks  in  the  whole  of  the  vast  extent 
of  the  mountains,  where  so  much  injury  was  done  to  the 
houses  of  the  numerous  inhabitants  of.  these  regions,  were  al- 
ways preceded  and  fojlowed  by  subterranean  murmurs,  and 
distant  explosions.  Under  these  places  it  seems  that  those 
substances  were  deposited,  which  ^tna  inflamed  and  ejected 
from  its  mouth  in  the  following  May;  because,  after  the 
eruptk>n  commenced,  Madonia  was  left  in  quiet ;  while  £tna, 
which  till  this  time,  and  during  the  agitations  of  Madonia,  had 
remained  perfectly  calm,  became  convulsed  with  earthquakes,. 
They  accompanied  the  eruption. 

With  the  extinction  of  the  conflagrati<Mi  in  August,  all  the 
phenomena  ceased,  and  the  earth  was  no  longer  a^tated. 
But  in  1822  ^tna  showed  that  the  fermentation  within  its 
furnaces  was  again  at  work.  On  the  fifth  of  April  rumblings 
and  continued  explosions  were  heard,  which  were  followed 
by  great  clouds  of  smoke  violently  driven  from  the  crater  bv 
the  unpetuous  current  of  elastick  vapours.  A  shower  of  suL 
phurous  ashes  fell  all  around.  On  the  sixth  a  violent  ^hock  con- 
vulsed all  the  towns  between  JEina.  and  Madonia,  Capizzi, 
Cesara,  Sperlinga^  Troina,  Gangi,  Galliano ;  but  in  the  midst 
of  these,  Nicosia  seemed  the  centre  of  impulse  in  all  the  shocks 
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which  foliowod  throughout  the  month.  Its  soil  'appeared  on 
the  point  of  being  torn  up  by  force,  many  buildings  were 
destroyed,  and  its  inhabitants  fled  in  consterQation  to  find  an 
asylum  in  the  country.  The  immense  clouds  of  smoke  and 
earthy  ashes  which  were  ejected  from  June  to  October;  which 
covered  the  more  lofty  part  of  the  mountain  with  a  gray 
stratum ;  which  filled  the  atmosphere  and  gave  out  through  the 
whole  region  a  strong  odour  of  sulphur,  clearly  prove,  that  all 
these  commotions  were  produced  jjy  forces  collected  in  the 
recesses  of  iEtna** 

While  Nicosia  and  the  whole  space  between  Madonia  and 
-ffitna  were  in  such  commotion,  Sicily  to  the  West  and  all  the 
northern  coast  enjoyed  perfect  quiet ;  but  a  sad  reverse  was 
preparing.  In  October  -ffitna  ceased  throwing  out  sulphurous 
ashes  and  sand,  and  with  it  ceaised  all  its  noises,  and  shocks,  and 
all  was  calm.  In  February  in  the  beginjiing  of  the  next  years, 
small  motions  of  the  earth  were  felt  along  the  northern  side  of 
the  island,  which  were  the  preludes  to  the  scene  that  pre- 
sented itself  in  March. 

The  direction  of  the  motion  was  from  N.  E.  to  S.  W.  as 
was  proved  by  all  the  phenomena  mentioned  in  the  beginning. 


*  From  June  to  October  1822,  ^£tim  emitted  great  quantities  of  volcanic 
ashes  which  were  scattered  all  over  tBe  mountain  ;  on  the  plain  about  the 
crater  it  fell  to  the  depth  of  a  foot.  From  the  mouth  of  the  crater  and  through 
fissures  near  the  mouth,  so  (jense  a  smoke  and  such  copious  streams  of  aque- 
ous vapotir  were  given  out,  that  when  they  were  condensed  by  the  lower 
temperature  of  the  air,  the  ground  about  these  orifices  was  drenched  with 
water.  The  \*apour  which  was  still  suspended  by  the  caloric  imparted  to  it 
by  that  already  condensed,  fell  soon  after  in  the  form  of  a  brine,  acidified  by 
the  mixture  of  sulphurous  vapour  contained  in  the  smoke,  and  to  which  was 
owing  the  odour  of  sulphur  given  out  by  the  ashes  wherever  it  fell.  All  the 
nshes  about  the  crater  was  saturated  with  this  brine.  The  vapour  of  water 
IS  always  found  in  the  smoke  of  ^tna,  but  in  much  greater  quantities  at  the 
time  of  an  eraption.  In  my  relation  of  that  of  1792, 1  mentioned,  that  at  a 
little  distance  from  the  crater  a  new  orifice  was  made  by  the  force  of  the 
vapour,  from  which  for  a  long  time,  pieces  of  old  lava,  and  scoriae,  and  ar- 
gillaceous earth  saturated  with  water,  were  ejected ;  that  standing  there  to 
observe  it,  I  was  continually^  bathed  in  the  brine  which  fell  from  the  smoke. 
This  phenomenon  of  iEtna  in  1822  has  been  much  altered  in  foreign  Journals, 
which  say,  that  in  the  recent  eruptions  of  iEtna,  the  earth  opened  at  a  groat 
distance  from  the  crater,  and  that  a  muddy  substance  which  is  not  lava,  was 
thrown  out.  As  this  important  error,  should  it  gain  credit,  would  be  injuri- 
ous to  science,  I  make  all  baste  to  connect  it.  in  1822,  neither  at  a  great  nor 
at  a  small  distance  from  the  crater,  the  earth  opened  and  the  matter  thrown 
out  is  volcanic  ashes,  perfectly  like  that  which  has  usually  been  expelled  by 
this  volcano  ;  at  least  for  the  forty  years  that  I  have  studied  it  It  did  not 
eome  out  in  the  form  of  mud,  but  in  exceedingly  fine  dust,  which  afterwards 
became  wet  with  the  vapour  condensed  within  the  very  edges  of  the  fissures, 
or  which  fell  in  brine.  It  is  a  long  while  since  any  of  the  writers  on  volca- 
noes, wishing  to  establish  the  theory  of  "  eruptions  of  mad/'  have  named  that 
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I  will  not  be  guided  by  the  injuries  suffered  in  different  parts, 
for  these  spring  from  a  complication  of  causes  ;  from  the  soil^ 
its  greater  or  less  capacity  of  receiving  and  communicating 
motion ;  from  (he  manner  in  which  it  presents  itself  to  the 
fax>gressive  motion,  and  from  the  state  of  the  ediBces.  These 
circumstances  may  sometimes  produce  anomalies  which  easily 
deceive  those  who  do  not  bestow  in  the  examination  of  them  the 
attention  which  they  deserve ;  but  without  fear  of  error  I  may 
say,  that  in  general  the  shock  was  much  the  most  forcible  on 
the  northern  shore,  and  at  a  little  distance  from  it ;  and  that 
it  w^ent  on  gradually  diminishing  towards  the  interior.  The 
moving  force,  then,  must  have  been  in  operation  somewhere 
mider  the  sea -opposite  this  part  of  the  Island.  Naso  was 
almost  entirely  ruined ;  Patti,  and  all  the  towns  about  Capes 
Orlando  and  Calava,  and  which  are  nearer  Eolia  were  con- 
siderably damaged.  Some  very  small,  thinly  inhabited  towns 
lost  little  because  they  had  little  to  lose ;  others  were  in  some 
measure  defended  by  their  situations.  Palermo,  at  the  bottom 
of  a  bav  which  curves  towards  these  burning  islands,  and 
surrounded  by  large  and  high  mountains  on  tne  other  side, 
was  exposed  to  the  whole  force  of  the  motion  against  it ;  this 


of  sea  water  and  shells  in  1766;  a  popniar  creduUly)  which  I  have  been  com- 
peUed  to  do  away,  by  every  possible  proof.  This  new  error  of  1822  might 
recall  their  arguments  and  lead  on  to  other  errors.  I  have  given  with  much 
pleasure,  a  true  detail  of  the  fact  to  the  illustrious  M.  de  Humboldt,'Vho 
wrote  me  on  the  subject,  with  that  ardent  zeal  which  (Characterizes  him,  and 
which  has  rendered  him,  as  he  is  proclaimed  in  both  hemispheres,  one  of  the 
greatest  observers  of  nature.  WiUi  respect  to  the  nature  of  this  volcanic 
ashes,  although  I  am  convinced  that  it  differs  not  at  all  from  that  which  has 
always  been  ejected,  yet  I  wished  to  consult  the  oracle  of  Chemistry  upon  it, 
since  it  is  his  delight  to  discover  the  composition  of  bodies  ;  I  mean  the  illustri- 
ous Vauquelin,  whose  noble  interest  in  me  has  conferred  on  me  so  much 
honour.  My  first  packet,  much  to  my  regret  and  that  of  the  eminent  chem- 
ist who  was  expecting  it,  never  reached  its  destiny  ',  but  I  renewed  it,  and 
the  results  shall  have  place  in  my  continuation  of  the  history  of  ^tna  from 
1818  where  I  left  it,  which  I  shall  soon  publish.  I  ivill  add  to  finish  this 
note,  that  the  ^*  muddy  eruptions**  so  called  by  our  Macalubbi  are  not  such, 
even  according  to  the  imaginary  ideas  of  Plato,  who  admitted  rivers  of  mnd 
in  the  interior  of  the  globe,  to  which  end  be  alledged  such  eruptions  in  Sicilf. 
Nothing  comes  up  from  the  depths  of  the  earth  but  streams  of  carburet  ted 
hydrogen  gas,  which  finding  above,  the  argillaceous  chalk,  of  which  the  soil 
is  formed,  loosened  away  by  rain  water,  it  forces  it  up  and  causes  it  to  flow 
in  muddy  streams.  In  times  of  drought,  dnst  only  is  forced  up,  and  in  its 
passage  a  whistling  is  made  like  an  impetuous  wind.  Even  of  our  Lake  of 
the  Palici,  they  believe  that  the  water  comes  from  the  interior  of  the  earth, 
and  wonder  that  it  never  overflows.  Why  do  they  not  observe  that  in  dr^ 
vears  it  entirely  evaporates,  and  that  nothing  comes  out  of  the  chinks  at  its 
bottom  but  currents  of  air,  which  give  to  the  water  the  appearance  of  boiling 
when  it  collects  there  from  the  rain. 
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it  was,  together  with  the  deeraded  state  of  its  buildings,  which 
brought  such  ruin  upon  this  beautiful  city.  Every  thing 
seemed  then  to  announce  to  us,  that  the  most  expansive 
vapours  which  proceed  from  the  burning  furnaces  of  Eolia, 
in  developing  their  immense  volumes,  urged  against  the  sides 
of  those  cavities  which  once  contained  the  matter  of  which 
all  these  islands  are  formed,  produced  the  motion  that  struck 
obliquely  against  Sicily,  and  moving  along  the  shore  towards 
the  west,  spread  despair  throughout  Palermo.  After  the  shock 
of  the  fifth  their  motion  was  more  free  5  and  thev  were  heard 
murmuring  under  the  soil  near  our  island,  seeking  an  outlet 
from  the  obscure  caverns  in  which  they  were  generated,  but 
not  propagating  their  motion  to  any  considerable  distance. 
The  course  of  that  of  the  seventh  was  in  the  same  direction 
with  that  of  the  fifth ;  but  that  of  the  thirty-first  was  in  a  di- 
rection directly  opposite,  since  it  was  felt  at  Messina,  and  not 
at  Palermo.  The  undulations  were  determined  bv  the  hor^ 
rizontal  direction  of  the  motion ;  the  perpendicular  shocks, 
by  a  force  acting  from  below  upwards,  which  supposes  a 
much  greater  depth  in  the  situation  of  the  acting  force,  than 
the  other,  without  ever  being  in  any  case  nearer  the  surface. 
Every  one  may  easily  distinguish  the  difiference  which  subsists 
between  the  superficial  motion  caused  by  the  rapid  passing 
of  a  heavy  carriage,  or  by  the  sudden  combustion  of  a  large 
quantity  of  confined  powder,  which  would  cause  the  darting 
of  a  large  accumulation  of  electric  fluid  to  restore  the  equili- 
brium between  the  earth  and  the  atmosphere,  were  it  possible 
for  it  to  collect  in  the  midst  of  so  many  conducting  bodies 
which  seem  designed  to  restore  the  equilibrium  instantly ; — 
between  this  motion,  and  ^le  deep,  heavy  earthquake ;  armed 
with  such  terrible  power ;  which  agitates  so  violently  a  great 
extent  of  the  globe ;  which  sometimes  seems  ready  to  tear  it 
from  its  very  toundation,  and  which  has  all  the  characters  of 
an  efiect  sprung  from  most  wonderful  degrees  of  force  and  of 
force^  which  placed  deep  in  the  earth,  moves  and  convulses 
those  great  masses  lying  between  it  and  the  surface. 

The  idea  of  forces  and  effects  like  these,  fills  with  fear  the 
miserable  mortal  who  creeps  upon  the  face  of  the  earth,  and 
brings  his  pride  down  to  the  dust.  When  he  sees  the  earth 
reel,  and  the  great  fabricks  which  he  has  raised  with  so  much 
confidence,  rushing  to  ruin,  he  despairs  of  finding  any  where 
one  firm  support  to  his  frail  existence. 

The  chinKS  and  fissures  formed  in  many  places,  and  to 
which  the  vulgar  attribute  much  importance,  are  in  consequence 
of  the  quaking  of  the  soil,  and  to  which  the  softness  of  the 
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earth  and  the  loss  of  its  internal  support  have  given  place. 
The  country  of  Bosco  about  Ogliastro,  of  which  I  have  already 
spoken,  became  furrowed  with  diverse,  long,  tortuous,  deep 
clefts,  the  sides  of  which  in  some  places  sunk  down ;  in  other 
places,  portions  of  the  surface  passed  down  over  inclined 
plains  below  them,  and  took  new  positions ;  the  olive  trees, 
which  some  of  these  carried  with  them,  were  much  •  injured 
by  the  breaking  and  displacing  of  their  roots.  This  land  is 
formed  of  an  immense  deposit  of  argillaceous  chalk,  more 
than  a  hundred  feet  deep.  The  water  which  penetrated  it, 
and  the  winter  there  was  very  rainy,  loosened  away  the  earth, 
and  carried  a  great  part  of  it  into  the  internal  cavities  bebw ; 
the  surface  thus  wanting  solid  support,  under  the  shock  of  the 
earthquake  became  filled  with  depressions,  caverns,  and  in- 
equalities. The  same  may  be  said  of  a  great  aperture  made 
in  the  vicinity  of  Colesano,  which  dilating  itself  day  after  day 
threatened  to  render  those  places  inaccessible.  Copious 
showers  alone  produce  such  effects  in  the  chalky  land  of  many 
parts  of  Sicily.  This  want  of  firm  bases  frequently  causes 
the  overthrow  of  great  rocks  at  the  time  of  earthquakes* 
Well  do  we  remember,  that  in  the  earthquake  of  the  fifth  of 
February  1783,  a  mountain,  a  mile  to  the  south  of  Scilla,  and 
which  was  a  mile  and  a  half  in  length,  fell  over  into  the  sea 
of  Calabria  and  formed  two  new  promontories. 
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If  all  these  facts  induce  us  to  locate  in  Eolia  the  causes  of 
the  physical  events  of  the  past  March,  it  is  necessary  to  in- 
quire if  these  islands  exhibited  at  that  time,  any  phenomena, 
which  may  corroborate  our  opinion.  I  will  mention,  therefore, 
in  this  place  many  facts,  about  which  there  can  be  no  uncer- 
tainty, and  which  will  be  of  the  greatest  importance  should  any 
one  wish  to  push  the  suspicion  which  I  have  announced  in 
this  memoir,  to  certain  evidence.* 

Since  September  of  last  year,  the  daily  quantity  of  smoke 
from  Vulcano,  has  been  much  greater  than  usual;  and  flame 

^  The  external  phenomena  of  a  volcano,  tbow  that  the  effects  of  the  fer- 
mentation have  come  to  the  surface  ;  but  nature  operates  often  in  the  dark 
Rcesses  of  the 'earth,  without  exhibiting  any  external  visible  effects  of  Iyer 
QpeniU}0$ ;  elastic  vapours  may  form  there,  shalce  the  soil,  and  return  to 
their  concrete  state. .  When  eruptions  happen  from  the  inflamed  mouths,  it 
is  because  these  subterranean  forces  have  met  with  substances  which  may  be 
thrown  oat,  thus  giving  oerttio  proof  of  the  existence  of  these  Ibreea. 
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has  often  been  visible  in  the  evening.  Explosions  have  been 
frequently  heard  on  the  neighbouring  coasts  of  Sicily.  But 
Stromboli  has  exhibited  the  greatest  activi^  for  almost  four- 
teen months  without  intermission.  Shocks  have  been  very 
frequent,  and  so  strong  as  to  fill  the  islanders,  although  accus- 
tomed to  them,  with  great  apprehensions.  The  island,  with 
the  blazing  mountain  itself,  seemed  often  on  the  point  of  being 
torn  up  from  its  foundation.  The  volcano  opened  two  new 
mouths  on  the  side  which  looks  towards  the  sea,  and  belched 
out  from  them  fearful  clouds  of  sand,  and  burning  rocks,  which 
after  darkening  the  air,  fell  to  the  earth.  Fortunately 
their  direction  was  not  towards  any  of  the  little  habitations,  or 
cultivated  fields  of  the  island.  One  forest  only  on  the  side  of 
the  mountain,  suffered  some  injury.  The  inhabitants  often 
found  themselves  enveloped  in  thick  clouds  of  black  smoke 
and  ashes,  which  the  wind  drove  among  them.  But  only  one 
man  was  struck  by  the  burning  rocks  hurled  through  the  air 
with  immense  sviolence.  The  scoria  and  ashes  did  much 
damage  to  the  cisterns  of  the  island,  and  to  the  terraces  which 
serve  as  tiles  over  them.  Torrents  of  black  smoke,  ashes 
and  sand  were  often  ejected  and  thrown  to  various  distances. 
The  greatest  shocks  were  sometimes  followed  by  a  thick  dry 
cloud,  which  filled  the  air  of  the  whole  island. 

The  shock  of  the  fifth  of  March  was  very  strong  at  Strom- 
boli, at  Saline,  formerly  Didime,  and  at  Lipari.  The  inhabi- 
tants of  Lipari  did  not  doubt  that  their  houses  would  this  time 
l)e  reduced  to  ruins ;  and  they  have  not  yet  ceased  giving 
thanks  to  heaven  and  their  protecting  Saints,  for  defending 
them  from  utter  destruction.  They  affirm  that  a  moment  after 
the  sl^ock,  all  their  thoughts  were  turned  upon  the  disasters 
which  might  happen  to  places  on  the  neighbouring  coast  of 
Sicily  and  at  Palermo ;  towards  which  the  direction  of  the 
motion  seemed  to  be.  Lipari  lies  between  us  and  Stromboli. 
Since  April  the  p^rts  of  our  island  which  were  before  agitated, 
have  been  left  in  repose;  but  shocks  are  still  frequent  at 
Stromboli,  and  keep  the  poor  inhabitants  there  in  continued 
fear.  The  subterranean  furnace  seems  to  have  lost  much  of 
its  power,  as  the  elastic  vapours  generated  there  shake  but 
a  very  limited  space,  and  the  new  apertures  of  the  mountains, 
emit  now  and  then  but  a  very  small  quantity  of  fine  sand, 
which  is  always  the  last  product  of  an  expiring  conflagration. 

From  what  I  have  laid  down  it  is  Just  to  conclude,  that  the 
fires  of  Eolia  are  those  which  have  for  a  long  time  been  pre- 
paring the  event  of  last  March;  that  it  was  produced  by  mo- 
tions generated  in  those  mighty  furnaces,  and  that  those  mce 
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tions  were  proprc^ted  to  great  distances.  If  Sicily  then  is 
so  often  shocked,  the  powers  which  agitate  it  must  exist  in 
volcanoes  that*  bum  within  its  own  bosom,  and  in  the  sur- 
rounding sea*  Situated  in  the  midst  of  such  grand  operations 
of  nature,  Sicily  must  be  expo^d  to  all  the  effects  which  such 
powerful  causes  are  capable  of  producing.  The  chemical 
subterranean  operations  require  that  the  earth  should  every 
where  be  traversed  by  vast  cavities  and  canals,  running 
in  various  directions ;  and  the  forces  of  the  operations  act  on 
the  different  parts  of  these  cavities.  But  it  is  natural  to  be- 
lieve,  and  many  facts  in  this  memoir  demonstrate  the  truth  of 
it,  that  places  in  the  vicinity  of  the  three  great  volcanic  out- 
lets ordinarily  feel  the  force  with  the  greatest  violence.  In 
this  respect  the  situation  of  Palermo  is  very  advantageous ; 
since  it  is  distant  from  ^tna,  and  from  Eolia  and  is  near  to 
Sciacca  only,  which  is  the  least  energetic.  And  this  grand 
and  respectable  city  would  be  less  exposed  to  such  grievous 
disasters,  than  all  the  other  cities  of  Sicily,  did  its  edifices 
possess  that  character,  which  they  might  easily  be  made  to 
possess,  which  constitutes  true  solidity  and  resisting  firmness. 


AaT.  XXI.-r-J2emarib  on  Solar  Ldght  and  HeaU     By  Baden 
Powell,  M.  A.  of  Oriel  College,  Oxford,   [^nnals  ofPhiL'] 

[To  the  Editor  of  the  ,^bmaU  of  Phihaofhy,]    ' 
Sir, 

In  explanation  of  the  design  of  the  present  communication, 
I  conceive  it  necessary  to  ooserve  in  the  first  instance,  that 
having  been  engaged  in  experiments  on  solar  Ikht  and  heat, 
I  have  laid  accounts  of  some  of  them  before  the  Royal  Society 
(see  reports  of  Royal  Society,  Amuds^  Feb.  1824):  those 
accounts,  however,  being  confined  to  the  mere  detail  of  the 
experiments,  I  wish  through  the  medium  of  your  journal  to 
ofier  some  remarks  on  the  subject,  of  a  more  general  nature, 
and  which  may  be  considered  as  forming  a  sort  of  introduction 
to  such  experimental  researches. 

If  then  in  taking  a  brief  review  of  the  present  state  of  oul^ 
knowledge  upon  this  subject,  my  remarks  and  statements 
should  not  be  of  a  nature  wholly  new,  my  design  as  thus 
explained  will  be  a  sufficient  excuse ;  and  the  more  so  as  I 
could  not  proceed  to  the  few  experiments  here  given  without 
such  preliminary  considerations.  ' 

I  am,  Sir,  your  obedient  Servant, 

B«  Powell. 


160  Remarks  en  Solar  lAghi  an4  i/^ah 

h  (1.)  Speaking  according  to  our  ordinary  sensations,  we 
are  accustomed  to  say  that  tne  sun  communicates  both  light 
and  heat»  Light  is  transmitted  in  a  way  which  we  term 
radiation*  The  heat  from  non-luminous  not  bodies  is  trans- 
mitted to  a  distance  in  a  way  closely  analogus ;  and  to  which 
the  same  name  has  been  applied.  In  the  first  instance  we 
might  suppose  that  the  sun  sends  out  two  separate  emanations^ 
one  of  light,  and  another  distinct  from  it,  and  similar  to  that 
of  radiant  heat  firom  a  mass  of  hot  water,  and  this  perhaps, 
was  the  first  view  taken  of  the  subject,  though  a  confused 
idea  of  some  very  close  and  intimate  connexion  subsisting 
between  the  solar  light  and  heat  appears  to  have  prevailed. 

(2.)  This  subject,  as  might  naturally  be  expected,  attracted 
the  early  notice  of  experimenters.  A  very  sheht  examination 
ffofiiced  to  show  that  the  rays  of  solar  beat  (whatever  their 
nature  might  be)  differed  essentially  in  many  properties  from 
those  of  terrestrial  heat,  whether  radiated  from  luminous  or 
non-luminous  bodies.  Whether  there  existed  a  separate  set 
of  heating  rays  distinct  from  those  of  light,  and  at  the  same 
time  differing  in  many  respects  from  rays  of  terrestrial  heat ; 
or  whether  these  ouferences  depended  on  some  unknown 
property  of  the  ravs  of  light,  wfes  a  question  which  for  a  long 
time  remained  without  any  direct  investigation,  and  on  which 
even  now,  we  have,  perhaps,  no  very  precise  ideas* 

Among  the  earliest  experiments  on  the  subject,  if  not  actually 
the  first,  were  those  of  Mr  Boyle,  on  the  aifferent  degrees  of 
heat  communicated  by  the  sun  to  black,  white,  and  red-colour- 
ed surfaces.  These  were  extended  and  confirmed  in  the 
well-known  investigations  of  Dr  Franklin,  &c. 

^  Mr  Boyle  caused  a  large  block  of  black  marble  to  be 
ground  into  the  form  of  a  spherical  concave  speculum,  and 
iound  that  the  sun's  rays  reflected  from  it  were  far  from 
being  too  powerful  for  his  eyes,  as  would  have  been  the  case 
had  it  been  of  anv  other  colour ;  and  although  its  size  was 
considerable,  yet  he  could  not  set  a  piece  of  wood  on  fire 
with  it ;  whereas  a  far  less  speculum  of  the  same  form,  made  ^ 
out  of  a  more  reflecting  substance,  would  presently  iiave  made  * 
it  flame."— [Boyfc  <m  Colours,  ^cJ] 

Scbeele  conceived  that  the  Sun's  rays  of  light  produced 
beat,  not  when  in  moticn,  but  only  when  ttopptd  by  the  mkr- 
poriHon  of  solid  bodies.— [7Vea(tse  on  Air  ana  Fire^  «(rc.] 

Mr  Melville  seems  to  have  viewed  the  matter  nearly  in 
the  same  light,  and  to  have  conceived  reflection  at  an  opaque 
surface,  the  cause  of  excitation  of  heat  from  the  sunn's  rays. — 
[See  Phil.  Jlfog.  /tine,  1815^  a  paper  ipy  Dr  Evans.'] 
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(3.)  In  later  tines  the  esperiioenlfl  of  Prof.  Leslie,  8ir  H. 
Dayy,  fee*  have  sufficiently  established  the  property  possessed 
by  Cluit  emanation  (whatever*  its  nature  may  l>e,  whether 
simple  pr  compound)  which  is  derived  from  the  sun,  of  pro- 
ducing  greater  heat  in  bodies  in  proportion  as  their  surfaces 
owing  to  darkness  cl  colour  have  the  capacity  of  absorbine 
rays  of  fight,  it  has  been  equally  well  established  by  FroU 
Leslie,  Count  Rumford,  &c.  that  the  heat  emanating  from  a 
mass  of  non-luminous  hot  matter,  has  no  such  relatioa  to  the 
colour,  though  a  very  close  one  to  the  nature  and  texture  of 
the  surface.  ^ 

(4.)  llie  experiments  of  £Hr  E.  Home  [PhiL  Tram.  1831, 
Part  L]  are  particularly  deservins  of  attention,  as  exhibiting 
what  might  at  first  sight  be  considered  an  exception  to  the 
above  remarks ;  a  mater  effect  being  prodeced  in  some  in* 
stances  on  a  white  than  on  a  black  sunace*  A  more  attentif  e 
examination,  however,  will  show  us  that  these  experiments 
prove  dius  much.  The  heat  occasioned  by  the  rays  of  the 
sun  when  received  directly,  or  when  in  some  degree  mtercept- 
ed,  as  by  thin  white  ciotn,  on  the  skin,  is  greater  than  that 
communicated  by  conduction  to  the  same  skin,  through  a 
black  cloth  in  contact  with  it,  which  is  itself,  in  the  first  in* 
stance,  heated  by  absorbing  the  rays. 

A  white  skin  is  scorched,  and  a  Negro's  skin  is  not,  in  ten 
minutes,  by  the  direct  rays  of  the  sun ;  that  is,  asl>efore,  the 
outer  coat  of  the  skin  allows  some  of  the  direct  rays  to  pass 
through  and  affect  the  sentient  substance  beneath ;  whereas 
in  the  case  of  the  black  skin,  the  rays  are  absorbed  by  the 
black  surface,  and  so  affect  the  sentient  parts  only  as  lieat  of 
temperature. 

If.  (5.)  As  to  the  nature  of  this  healing  effect,  the  greatest 
difference  of  opinion  has  long  prevailed  among  the  most  dis- 
tinguished philosophers;  one  party  maintaining  the  totally 
distinct  existence  of  light  and  radiant  heat  in  the  compound 
solar  beam ;  the  other  contending  for  the  absolute  identity  of 
the  two :  the  same  principle  being  merdy  displayed  under 
two  different  modifications. — [See  Sir  W.  Hersehel^  Phil*  Tram* 
1 800.  Part  II. ;  Leslie  oh  Heat^  p.  1 62,  Biot^  Traiti  Jk  Physiqi^i 
vol.  iv,  p*  690,  &c.] 

Without  entering  upon  an  examination  of  the  merits  of 
cither  theory,  we  may  proceed  to  remark,  that  the  first  .object 
in  the  inductive  examination  of  this  subject  is  to  ascertain 
distinctly  what  peculiar  properties  of  this  heating  emanation 
we  can  fix  upon  by  which  its  nature  niiay  be  defined,  and  by 
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the  help  of  which  we  may  be  enabled  to  compare  it  Witll 
odtier  heating  emanations. 

(6.)  Among  the  most  obvious  properties  of  the  solar  rays^ 
we  perceive  that  before* adverted  to,  viz.  that  they  produce 
heat  on  bodj^s  in  proportion  to  the  darkness  of  their  colour, 
and  not  in  regard  to  the  absorptive  qualities  of  the  texture 
of  their  surfaces  from  the  heat  from  non-luminous  bodies^ 
This  relation  is  universal,  and  without  any  exceptions ;  it  is 
consequently  one  which  we  can  satisfactorily  adopt  as  the 
foundation  of  a  distinctive  description* 

(7.)  We  may  from  this  advance  to  another  test,  which  will 
afford  an  additional  characteristic.  It  has  been  distinctly  shown 
that  all  heating  emanations  from  terrestrial  bodies,  whether 
luminous  or  not,  are  more  or  less  stopped,  or  even  in  some 
cases  totally  intercepted,  by  the  interposition  of  a  glass  screen. 
Similar  experiments  may  easily  be  tried  on  the  solar  rays. 

That  little  or  no  diminution  of  effect  is  produced  on  a 
blackened  thermometer  exposed  to  the  sun,  by  the  interposi- 
tion of  glass,  has  been  shown  by  several  experiments.  As  it 
is  remarked  by  De  la  Roche  [niot,  Traiie  de  Phy»,  vol.  iv.  p. 
611].  I  have  frequently  observed  the  same  thing,  taking 
notice  of  the  temperature  of  the  glass,  as  will  be  subsequently 
seen.  But  there  is  another  part  of  the  question  which  still 
appears  to  me  to  want  further  examination.    The  sun's  rays 

froduce  some  heating  effect  on  surfaces  of  a  light  (iolour« 
have,  therefore,  tried  whether  also  in  this  case,  and  when 
the  texture  of  the  surface  was  very  absorptive  for  simple 
radiant  heat,  a  glass  screeil  has  any  power  to  diminish  th^ 
effect. 

Two  thermometers  were  exposed  together  to  the  direct  and" 
screened  rays,  one  having  its  bulb  coated  with  Indian  ink ; 
the  other  with  a  thin  paste  of  chalk  and  water ;  the  bulbs  were 
free  from  contact.  If  there  existed  in  the  solar  beam  any 
rays  of  such  a  nature  that  they  were  affected  by  the  texture, 
rather  than  the  colour  of  surfaces,  and  were  not  capable  of 
passing  through  glass^  they  would  be  affected  by  a  surface  of 
chalk  more  than  one  of  indian  ink.  If  they  formed  only  a 
small  proportion  of  the  whole,  the  diminution,  when  glass 
was  interposed  before  the  inked  thermometer,  might  be  so  small 
as  to  be  imperceptible ;  but  with  the  whitened  surface,  it  would 
be  much  more  conspicuous. 

(8.)  The  following  are  the  results  of  two  sets  of  experiments 
conducted  on  this  principle : 
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(9.)  These  results-  exhibit  a  very  close  agreement  in  the 
ratio  of  the  risings  of  the  tveo  thermometers,  when  exposed, 
and  when  screened,  and  this  with  glasses  of  different  thickness, 
at  different  times,  and  with  different  absolute  intensities  of  the 
sun's  rays ;  as  also  when  the  colours  of  the  bulbs  were  mutually 
changed^  The  mass  of  the  bulb  A  was  somewhat  greater 
than  Bi  the  glass  acquired  no  heat  sufficient  to  interfere 
with  the  results;  and  the  thermometer  was  always  placed  so 
that  the  bulbs  were  not  near  any  object  which  might  radiate 
heat.  The  temperature  oC  the  air  affecting  both  surfaces 
equally  would  tend  to  diminish  the  ratio.  To  its  variation,  I 
conceive,  the  trifling  difference  in  the  ratios  may  fairly  be 
ascribed. 

(10.)  Hence,  I  think,  we  are  entitled  to  conclude,  that 
there  do  not  exist  in  the  solar  beam  in  its  natural  state  any 
rays  of  the  description  just  alluded  to ;  but  that  the  whole 
emanation  pdnsists  of  one  sort  of  rays  distii]guished  by  the 
two  characteristics  of  affecting  substances  with  heat  in  pro- 
portion to  the  darkness  of  their  colour  and  being  wholly  trans^ 
missible  through  glass  without  heating  it;  and  that  these  same 
rays  when  they  impinge  on  the  eye  are  capable  of  producing 
the  sensation  of  vision;  and  by  the  absorption  of  some,  and 
the  reflexion  of  others,  of  their  constituent  parts,  at  the  sur- 
faces of  bodies,  produce  the  phenomena  of  colours. 

(11.)  The  heating  effect  maintains  an  intimate  relation  to 
light  both  in  respect  to  the  substances  which  it  traverses 
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without  interception,  and  to  those  by  which  it  is  absorbed^ 
and  to  the  degree  of  absorption*  It  is  found  to  accompany 
the  rays  of  light  in  the  most  constant  and  inseparable  manner : 
through  whatever  substance,  and  in  whatever  direction  it 
takes  its  course,  this  is  strikingly  exemplified  in  one  of  Sir  W. 
Herschel's  experiments  (PAi/.  Trans.  IZQO^No.  13,  £aycr.  11,) 
in  which  the  heating  effect  is  shown  to  accompany  the  rays  of 
light  iti  all  the  alterations  of  its  course  through  a  Newtonian 
telescope  with  four  lenses* 

Speaking  in  general  terms,  within  ordinary  limits,  and  for 
light  of  the  same  colour,  we  may  say,  that  the  heating  effect 
increases  or  decreases  in  proportion  to  the  intensity  of  illumin- 
ating effect.  Prof.  Leslie  considers  the  proportion  to  be 
precise  and  undeviating. 

(12.)  Whatever  we  suppose  to  be  the  state  in  which  the 
heat  exists  when  it  thus  inseparably  accompanies  the  lumin- 
ous rays,  it  is  evident  that  there  must  be  some  peculiar 
circumstance  in  the  mode  of  its  union  which  makes  its  effects 
sensible  only  under  some  particular  circumstance ;  and  under 
others  endows  it  with  properties  tthich  heat  in  its  simple 
radiant  state  does  not  possess.  It  evidently  exists  in  a  state 
essentially  different  from  that  of  simple  radiant  heat ;  and  we 
may  in  general  say,  that  it  is  never  developed  or  rendered 
sensible  except  under  such  circumstance  as  produce  at  the 
same  time  some  modification  or  change  in  the  light  itself. 

Upon  considering  all  these  well  established  facts,  I  think 
instead  of  using  such  terms  as  ^  calorific  rays^  and  ^  luminous 
rays,'^  it  is  much  more  conformable  to  facts,  and  involves  no 
hypothetical  ideas,  to  describe  th^  phenomena  by  the  terms 
^  rays  of  lighi^  and  the  ^  heating  pomtr  or  properh/*^  of  those 
rays. 

TIL  (13.)  Thus  far  my  remarks  have  been  confined  t9 
the  nature  of  the  heating  power  of  the  sun  when  its  rays  are 
in  that  state  in  which  they  natunUhf  are,  as  coming  directly 
from  that  luminary.  In  tne  next  place  we  have  to  inquire 
whether  by  any  modification  which  these  rays  may  be  made 
to  undergo  by  artificial  means,  we  can  attain  to  any  further 
elucidation  of  the  nature  of  this  heating  power. 

(14.)  It  has  been  shown  by  the  experiments  of  M«  Berard 
(fiiol,  Traiti  it  Phys.  vol.  iv.  p.  603,  &c),  that  when  light 
undergoes  polarization,  the  heating  power  participates  in  that 
effect. 

It  has  also  been  shown  by  the  same  distinguished  philoso- 
pher (see  Biot  as  above,)  that  simple  radiant  heat  when  un- 
accompanied by  light  is  susceptible  of  being  polarized  also* 
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ia  conBid€ring  these  resuks,  we  must  be  careful  not  to  con- 
found them  together :  because  simple  rajs  of  heat  are  capable 
cf  displacing  the  effects  of  polurization,  and  the  heating  eflfect 
in  the  solar  beam  also  obeys  the  same  impulse,  we  must  not 
hadtiljr  conclude  that  the  same  agent  existing  in  the  same 
form  is,  therefore,  the  common  Beating  principle  in  both 
cases. 

(15.)  The  heatine  power  of  the  sun  is  well  known  to  be 
capable  of  being  collected  in  a  focus  along  with  the  luminous 
raySf  both  by  reflection  and  relraction*  By  the  former  means 
simple  radiant  heat  may  also  be  concentrated :  this  circum- 
stance again  shows  a  similarity^  but  does  not  prove  an  identit}/ 
ia  the  agents  or  powers* 

In  one  of  Sir  W.  Herschel's  experiments  {Phil.  Trans.  1800, 
Aow  15,  Exper.  23),  a  focus  of  heat  different  from  that  of  light 
seems  proved.  This  opinion  it  is  not  my  design  at  nresent 
either  to  maintain  or  controvert.  I  have  only  to  oWrve, 
that  granting  its  truth,  it  must  not  be  applied  as  an  argument 
to  show  that  simple  radiant  heat  exists  aistinctly  in  the  solar 
beam;  or  in  other  words,  that  the  sun's  heat  is  produced  by 
an  assent  identical  with  that  which  emanates  from  Aon-lumin- 
ous  hot  bodies ;  it  merely  shows  that  the  refractive  and  dis- 
persive power  which  the  lens  exercises  on  light  is  capable  of 
eUdtidg  from  it  a  certain  agent  or  set  of  rays  which  produces 
the  sensation  of  heat,  but  not  that  of  illumination ;  and  by  no 
means  shows  that  that  aeent  exists  in  a  separate  form  when 
the  ravs  of  light  are  in  their  direct  natural  condition. 

If  the  focus  of  heat  be  the  same  as  that  of  light,  and  the 
experiment  of  Sir  W.  Herschel  {Phil.  Trans.  1800,JVo.  15, 
Exper.  19,  20,)  be  admitted,  where  the  concentration  of  simple 
radiant  heat  by  a  lens  appears  to  be  proved,  the  same  remark 
a}^Iies  as  that  just  made  with  respect  to  concentration  by  a 
mirror. 

•(16.)  The  principal  modification  which  the  sun's  rays  are 
made  to  undergo,  and  from  which  conclusions  relative  to  the 
nature  of  their  heating  power  have  been  drawn,  is  the  analysis 
to  which  they  may  be  subjected  by  the  prism.  Into  any 
discussion  upon  the  controverted  points  respecting  these  ex- 
periments, I  shall  abstain  from  entering.  We  will  suppose  it 
granted  that «  set  of  invisible  heating  rays  is  separated  be- 
yond the  visible  red  rays.  The  existence  of  sucn  rays  in  a 
distinct  state  in  the  spectrum  cannot  be  considered  as  any 
proof  that  they  have  that  distinct  existence  in  the  natural  state 
of  the  rays.  It  by  no  means  proves  that  any  such  simple 
heating  rays  inust  have  come  directly  from  the  sun,  and  have 


1€G  Remarks  tm  Solar  Light  and  Heat. 

been  transmitted  through  the  prism,  with  merely  a  change  in 
their  direction. 

From  the  experiments  above  given,  we  may  in  reference  to 
this  point  learn  thus  much  :  the  direct  rays  are  not  accom- 
panied by  any  separate  heating  rays  which  are  either  stop- 
ped by  glass,  or  bear  a  relation  to  texture  more  than  colour. 
it  therefore  Ijecomes  an  important  object  to  try  whether  in 
the  prismatic  beam  these  heating  rays  possess  those  charac- 
teristics or  not.  With  respect  to  one  of  the  characteristics, 
viz.  transmissibility  through  glass,  we  have  no  ground  to"  as- 
sume that  the  heating  prismatic  rays  possess  it  from  the  cir- 
cumstance of  their  passing  through  the  prism,  because;  when 
the  light  impinges  upon  the  prism,  we  know  that  it  has  not 
any  such  separate  rays  accompanying  it ;  and  of  the  nature 
or  properties  of  the  rays  during  their  passage  through  the 
prism,  we  are  altogether  ignorant ! 

(17.)  My  object  in  making  these  remarks  is  merely  to  attain 
if  possible  some  clear  ideas  on  the  subject  in  question ;  and 
to  point  out  those  parts  of  it  which  appear  to  me  to  want  fur- 
ther elucidation  ;  and  to  several  of  which  I  have  attempted  to 
direct  experimental  research.  The  subject  must  always 
remain  perplexed  and  obscure  so  long  as  we  dispute  about 
such  terms  as  " calorific  rays,"  **  luminous,"  "or  non-luminous 
heat,"  &c.  The  only  way  of  arriving  at  clearness  of  ideas, 
and. thence  being  able  to  pursue  the  inquiry  in  a  satisfactory 
.manner,  is  to  fix  upon  some  definite  criteria  by  which  the 
nature  of  heating  agents  may  be  distinguished  and  compared ; 
and  instead  6f  framing  theories  to  explain  the  union  of  heat 
and  light  in  the  sun's  beams,  to  describe  the  nature  of  the 
phenomena  in  conformity  to  the  criteria  above  pointed  out, 
as  afibrded  by  certain  experimental  facts. 

It  becomes  necessary  to  subject  to  an  examination  by  those 
criteria  the  supposed  exterior  heating  effect  of  the  prismatic 
spectrum ;  as  well  as  the  analogous  exterior  heat  of  the  cone 
of  light  formed  by  a  lens,  and  probably  several  other  phe- 
nomena, before  we  can  obtain  from  them  any  further  inform- 
ation respecting  the  nature  of  the  beating  power  which  is  so 
inseparably  associated  with  the  Sun's  light. 

The  remarks  hitherto  made  apply  to  the  subject  of  solar 
light  and  heat ;  but  they  might  be  extended  also  to  the  inves- 
tigation of  the  relations  of  light  and  heat  from  terrestrial 
sources.  The  want  of  some  hxed  criteria  of  definition  must 
upon  consideration  be  felt  equally  in  following  up  this  part  of 
the  subject  as  in  the  former ;  and  to  endeavour  to  supply  that 
want  should  be  the  first  business  of  the  experimenter. 
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Some  further  observations  will  probably  form  the  subject 
of  a  future  communicatioo. 

The  foUowfog^  is  in  continoation  of  the  same  subject,  from  a 
VDCceeding  number  of  the  Annals. 

'  ( 1 8.)  In  attempting  an  inquiry  into  the  constitution  of  the  solar 

rays  in  reference  to  their  heating  power,  I  made  the  simple 

experiment  described  in  my  former  communication,  under  an 

impression  that  every  step  in  such   an  inquiry  ought  to '  be 

taken  with  the  utmost  caution ;  and  that  no  position,  however 

{probable,  ought  to  be  assumed  till  sufl5ciently  examined  by 

experiment.    Those  experiments  appear  to  me  to  prove  that 

in  the  solar  rays  no  free  uncombined  radiant  heat  exists,  at 

least  in  any  quantity  sufficient  to  produce  a  rise  of  a  quarter 

of  a  centigraae  degree,  on  a  thermometer  coated  with  a  wash 

of  chalk.     The  same  point,  however,  may  be  put  to  a  more 

accurate  and  delicate  test  by  means  of  Leslie's  differential 

thermometer — an  effect  corresponding  to  the  twentieth  part 

of  a  centigrade  degree  may  be  thus  rendered  sensible. — {SSe 

Leslie  onlieat^  p.  11  andA20^and  Treatise  on  Instruments^  p.  10.) 

Being  particularly  desirous  of  ascertaining  whether  it  were 
possible  to  detect  the  smallest  appreciable  degree  of  simple 
radiant  heat  in  the  natural  state  of  the  solar  rays,  I  continued 
the  examination  of  the  point  by  the  following  application  of 
the  differential  thermometer.  The  histrument  employed  was 
of  the  ^^  stationary''  kind,  the  sentient  ball  was  blown  of  black 
glass,  and  the  halves  of  degrees  could  be  very  readily  observed 
on  its  scale. 

The  surfaces  of  both  balls  being  alike  vitreous,  they  would 
be  equally  affected  by  any  simple  neat.  If,  therefore,  a  glass 
screen  were  so  placed  as  to  intercept  the  heat  coming  to  one 
but  not  that  impinging  oi)  the  other,  the  difference  exhibited 
between  this  and  the  ordinary  state  of  the  instrument  would 
make  a  very  minute  quantfty  of  simple  heat  conspicuous.  If 
any  heat  were  thus  intercepted  on  the  interposition  of  the 
glass,  the  liquor  would  obviously  rise  towards  the  plain  bulb. 
This  it  might  do- from  the  cooling  effect  of  the  glass ;  but  if  we 
observe  first  with  the  glass^  (it  having  remahied  some  time  with 
the  instrument,)  the  effect  would  be  perceived  'without  this 
ambiguity  on  removing  it. 

Another  photometer  of  the  "portable"  kind  had  the  upper 
bulb  coated  with  indian  ink,  and  the  lower  washed  with  chaik. 
With  this  similar  experiments  were  repeated.  I  give  the 
following  out  of  many,  which  were  all  similar  in  their  results. 

(19.)  Large  photometer.      Bulbs,  black  and  plain  glass. 


irc( 


Graduation /rom  the  black  bulb. 
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Glass  over  plain 
Both  exposed,  bulb  two  inches  distance 

9.30  a.  m.  69«  -        -        -        -     .   70* 
60       ^        -        .        -        -    60 

68  ....         68 
'      2       /).  m.  87        •        -        .        .        -     87.5 

88  ....         88  . 

Advantage  was  taken  of  moments  when  the  indication  of 
the  instrument  appeared  tolerably  stationary  which  but  rarely ' 
hai^ns  when  it  is  used  without  its  glass  case.    It  here  ap- 
pears that  this  instrument  could  not  detect  any  sensible  degree 
of  heat  intercepted. 

(20.)  Small  photometer.  Upper  bulb,  Indian  ink.  Lower 
bulb,  washed  over  with  chalk.  Graduation  from  the  upper 
bulb. 

Glass  over  lower  bulb,     . 
half  inch  distance.  Both  bulbs  exposed 

(1.)     12<> 15« 

17* 14**  18*  10*  • 

11*  14*  11*  -        -•       -         13* 

20 23*  20o 

(2.)     20*  22*  -         .         -       '  -         23*  240 

21*  22*  21*       •         •         .         •     22o  230 
230  18*  ...         I80  190 

Here  the  fluctuations  were  more  considerable  than  before; 
but  on  comparing  all  the  results,  it  is  obvious  that  the  tendency 
is  to  an  increase  rather  than  a  decrease  when  the  glass  was 
removed.  This  was  probably  owine  to  the  glass  acting  in 
some  measure  as  interceptive  of  the  neat  radiating  from  the 
whitened  bulb,  and  thus  altering  the  state  of  equilibrium  in 
favour  of  the  absorption  of  heat  on  its  surface  from  the  light. 

These  experiments  tend  to  confirm  the  conclusion  maintain- 
ed in  my  former  paper,  and  to  extend  the  limits  within  which 
it  holds  good.  I  do  not  attribute  any  other  importance  to  it 
than  as  contributing  to  lay  a  foundation  of  distinctness  of  ideas 
upon  which  to  proceed  in  the  further  examination  of  the  subject, 
and  in  comparing  the  radiant  heating  efiect  emitted  from  the 
sun  with  that  from  incandescent  and  burning  bodies. 

(21.)  In  reference  to  the  validity  of  this  opinion,  however, 
we  may  make  this  further  observation.  Those  rays  of  the 
sun  which  come  within  the  reach  of  our  examination  have  been 
here  shown  to  be  entirely  composed  of  one  species  character- 
ised by  the  definition  before  laid  down.  It  must,  however, 
be  admitted,  as  by  no  means  improbable,  that  the  sun  may 
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originally  give  out  a  separate  radiation  of  heat,  distinguished 
by  other  properties,  and  of  the  same  kind  as  the  radiant  heat 
firooi  hot  bodies.  None  of  this  kind  reaching  tu,  but  we  must 
consider  the  very  different  degree  in  which  any  medium,  as 
'  air,  absorbs  or  intercepts  the  passage  of  those  two  sorts  of 
radiant  matter.  The  heat  from  a  hot  body  will  not  be  per-? 
ceptible  at  a  short  distance,  while  its  light  will  traverse  an 
amazing  extent  of  length ;  and  thus  at  dijfferent  distances  the 
patio  between  the  two  will  be  very  different.  Some  degree 
of  simple  heat,  therefore,  may  actually  be  initially  radiated 
by  the  sun,  and  be  lost  before  it  reaches  us.  We  have  no 
reason  to  believe  that  there  is  any  medium  between  the  differ- 
ent parts  of  the  solar  system  capable  of  absorbing  heat.  The 
highest  regions  of  our  atmosphere  into  which  observation  has 
penetratea  are  uniformly  the  coldest ;  but  they  are  known  to 
nave  a  greater  capacity  for  heat.  Thus  though  it  is  possible 
that  some  heat  may  reach  to  that  distance  and  be  absorbed 
without  becoming  sensible  to  us,  its  quantity  must  be  very 
small ;  if,  therefore,  we  suppose  any  simple  heat  to  be  initially 
radiated  from  the  sun,  it  must  be  all,  or  nearly  all,  absorded 
by  some  parts  or  appendages  of  that  luminary,  exterior  to  the 
part  where  it  is  generated. 

(22.)  From  considering  the  heating  power  which  so  insep- 
arably accompanies  the  rays  of  light,  which  is  always  develop- 
ed wherever  they  impinge  on  a  surface  which,  from  its  colour, 
absorbs  the  rays,  and  which  continues  to  act  with  very  little 
diminution  of  intensity  when  the  rays  pass  through  transparent 
media  of  considerable  thickness,  we  are  led  to  observe  some 
remarkable  instances  in  which  such  effects  are  produced. 
Such  an  instance  is  afforded  in  the  case  of  the  eye,  and  the 
phenomena  of  vision. 

What  may  be  the  immediate  cause  of  vision,  and  what 
effects  light  may  be  capable  of  producing  on  the  retina  and 
optic  nerve,  we  are  altogether  i^orant ;  but  we  may  with 
tolerable  certamty  infer  from  well  ki:own  facts  and  universal 
laws,  that  (among  other  effects)  light  must  produce  a  heating 
effect  on  the  blade  surface  of  the  retina. 

Every  different  shade  of  colour  and  every  different  intensity 
of  light  transmitted  from  objects,^  produces  a  different  degree 
of  heat  on  a  black  surface.  It,  therefore,  follows,  that  when 
objects  are  painted  on  the  retina,  th^rays  coming  from  differ- 
ent parts  of  them  communicate  different  degrees  of  heat  by  the 
absorption  of  its  black  coat,  according  to  their  different  colour, 
brilliancy,  &c.  And  since  all  our  distinction  of  objects  by 
the  eye  depends  on  their  colour  and  reflecting  power-*oA 

you  ii.-:-N0.  3.  22 
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the  differently  coloured  rays,  and  the  total  intensity  of  rayd 
which  they  reflect,  it  is  at  least  certain  that  the  perception  of 
objects,  and  their  diiTerent  parts,  must  be  auompanied  by  cor^ 
responding  perceptions  of  a  difference  of  heating  effect,  what- 
ever other  distinctive  impressions  the  different  rays  may  be 
Capable  of  producing  on  the  sentient  substance.  I  am  far 
from  meaning  to  assert  the  opinion  that  this  is  the  immedipite 
cause  of  vision*  These  observations  are  merely  proposed  as 
affording  a  curious  topic  of  physiological  inquiry. 

The  heating  effect  of  light  is  produced  at  the  moment  of 
absorption,  and  is  probabl  v  of  a  different  nature  from  the 
communication  of  neat  either  by  contact  or  by  radiation. 
If,  therefore,  a  non-luminous  body  couid  radiate  different 
decrees  of  heat  from  its  different  parts  so  as  to  impinge  on  the 
retina,  it  would  not  produce  the  phenomenon  of  vision ;  but 
this  state  of  circumstances  cannot  take  place,  since  the  trans* 

Earent  parts  of  the  eye  are  not  permeable  to  simple  radiant 
eat ;  and  if  they  became  heated  themselves,  there  would  not 
be  anr  distinction  of  different  degrees  of  heat  communicated 
to  diflierent  parts  of  the  retina.  The  optic  nerve  is  the  only 
one  in  the  body  expanded  with  an  absorbing  surface  so  as  to 
be  exposed  to  the  external  influence  of  radiant  heating 
agents. 

(23.)  The  consideration  of  the  heating  effects  of  light  to  the 
phenomena  of  vision  must  be  attended  to  in  the  att^npt  to 
compare  the  illuminating  with  the  heating  power  of  light. 

From  the  experiments  of  Sir  W.  Herschel,  it  appears  that 
the  greatest  tlhminatinff  effect  belongs  to  the  yellowish-green 
rays.  According  to  this  theory,  the  radiant  heat  is  separate 
from  the  light,  and  is  formed  of  particles  having  less  momen- 
tum, those  of  the  gi*een  rays  having  such  a  momentum  as  is 
best  suited  to  Hie  eye  for  the  purposes  of  vision,  either  too  little 
or  too  great  a  momentum  (as  in  the  violent  or  red  rays)  being 
equally  ill  adapted  for  producing  a  vivid  impression  on  the 
sight.  Independently  6i  all  hypothesis,  the  above  remarks 
are  of  a  nature  deserving  great  attention  in  the  consideration 
of  these  phenomena.  The  illuminating  power  of  lieht  must 
be  referred  not  merely  to  any  inherent  properties  of  Uie  rays, 
but  to  the  nature  of  our  organs.  Hence  according  to  an  ob- 
servation just  made,  it  must  be  inferred  that  either  too  little  or 
too  great  an  absorption  of  lights  and  consequent  heating  effect, 
on  the  pigmentum  nigrum,  is  equally  unfavourable  to  distinct- 
ness of  vision,  and  the  reason  of  this  distinction  may  depend 
entirely  on  the  peculiarities  of  the  optic  nerve  in  regard  to  its 
susceptibility  to  heat. 
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(24.)  In  the  cxperimeDt  alluded  to  by  Newton  {Optics,  book 
\m  fart  2,  prop*  8,)  near  the  prism,  white  light  occupies  the 
central  part  of  the  spectrum,  which  at  greater  distances  dis- 
appears, and  yellow  and  green  rays  fill  the  space.     Accord- 
ing to  his  explanation  of  this  phenomenon,  it  follows  that  the 
illuminating  effect  of  the  different  parts  of  the  spectrum  must 
▼ary  in  their  proportions  at  different  distances  from  the  prism* 
(25.)  The  experimenU  of  Sir  W.  Herschel  {PhiU  Trans. 
1 800)  on  the  relative  powers  of  different  substances  for  inter- 
cepting light  and  heat^  may  be  brought  forward  by  some  as  a 
proof  of  the  separate  existence  of  two  such  agents  in  the  solar 
rays ;  but  those  experiments,  as  it  will  be  evident  on  a  more 
attentive  examinadon,  do  not  bear  at  all  upon  this  point* 

The  powers  of  difierent  sorts  of  glass,  ^c.  to  intercept  the 
sun's  Haht,  were  measured  by  a  comparison  of  the  distances 
aC  which  equal  illuminating  effects  were  produced  when  an 
object  was  viewed  through  the  substance  under  trial,  and  by 
direct  vision*  Their  powers  of  intercepting  heat  were  deter- 
mined by  the  comparative  effects  of  the  full  solar  rays  on  a 
naked  thermometer. 

The  surface  of  the  bulb  of  a.  thermometer,  even  when  not 
coated  with  any  pigment,  will  still  absorb  a  considerable  por- 
tion of  the  rays  of  Tifht  impinging  on  it,  and  will  consequently 
be  affected  by  the  mseparable  heating  power  developed  by 
the  absorption  of  those  rays ;  and  the  efiect  will  be  different 
according  to  the  colour  of  tnose  luminous  rays  which  the  glass 
transmits*  Now  the  relations  of  the  colour  of  the  rays  to  A^- 
ing,  and  to  illuminating  effect,  are  by  the  experiments  of  the 
same  author  proved  to  be  extremely  different ;  so  that  the 
difference  which  appears  to  exist  in  the  power  which  the  same 
substance  has  to  transmit  li^ht  and  heat  is  by  no  means  a 
sufficient  ground  for  concluding  the  separate  existence  of  two 
sets  of  rays. 

(26.)  The  consideration  of  the  different  laws  followed  by 
the  illuminating  and  heating  powers  of  the  differently  coloured 
rays,  might  lead  us  to  doubt  the  close  connexion  between  in- 
tensity  of  light  and  of  heating  effect.  Indeed  this  consideration 
must  be  attended  to  in  the  attempt  to  compare  by  means  of 
their  heating  effect  on  Leslie's  photometer,  light  from  different 
sources.  In  these  cases  there  is  often  a  considerable  differ- 
ence in  the  prevalent  colour  of  the  rays,  and  therefore,  from 
this  source  suone,  some  difference  in  their  heating  power  Is  to 
be  expected. 

In  relation  to  the  different  intensities  of  light  from  the  same 
source,  experiment  seems  to  have  shown  that  the  closest  pro* 
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portion  is  observed.  Prof.  Leslie  has  compared  the  indica- 
tions of  his  photometer  with  the  measurements  obtained  by 
bouguer  from  a  comparison  of  illuminating  effects,  and  con- 
ceives the  result  completely  favourable  to  the  accuracy  of 
his  instrument.     (See  Leslie  on  Heat,  Chap.  20.) 

With  respect  to  the  theory  deduced  from  these  and  kindred 
phenomena  by  that  distinguished  philosopher,  it  cannot  but 
excite  admiration  for  its  simplicity,  and  the  readiness  with 
which  it  explains  the  phenomena ;  but  it  surely  cannot  be 
considered  as  proved,  that  because  light  has  the  power  of  ex- 
citmg  or  communicating  heat  in  those  bodies  on  which  it  im- 
pinges, that  the  light  is,  therefore,  transformed  into  heat ;  and 
after  all,  the  mode  in  which  this  transformation  is  effected  in 
the  '*  igneous  fluid,"  still  remabs  to  be  accounted  for. 

Towards  ascertaining  the  nature  of  the  heating  power  thus 
excited  m  the  solar  rays,  one  important  step  seems  to  me  to 
be  involved  in  the  question,  whether  the  heating  power  does 
always,  and  especially  at  high  intensities,  increase  precisely 
in  proportion  to  the  intensity  of  light,  or  number  of  rays  imr 
pinging  upon,  or  absorbed  by  a  given  surface. 

The  want  of  a  photometer  on  the  principle  of  illumination, 
and  that  essential  difficulty,  the  want  of  a  standard  for  com- 
parison, are  great  obstacles  in  the  prosecution  of  such  an'  in- 
quiry. I  have,  however,  attempted  it  by  adopting  other 
means  in  which  these  difficulties  seem  to  me  to  be  got  rid  of. 
As,  however,  the  detail  of  these  experiments  will  occupy  some 
space,  1  must  reserve  them  for  a  future  opportunity. 


Art.  XXI. — Of  Poisons,  Chemically,  Physiologically,  and  Par 
thologically  considered* 

Toxicology,  or  the  history  of  poisons,  forms  one  of  the 
most  important  and  elaborate  branches  of  forensic  medicine ; 
and  in  tracing  the  subject  through  all  its  numerous  and  inter- 
esting relations  to  jurisprudence,  we  shall  experience  no  small 
degree  of  gratification  by  observing,  how  greatly  and  pro- 
gressively this  obscure  department  of  science  has,  within  the 
last  few  years,  been  enlightened  by  the  discoveries  of  chem- 
istry and  physiology. 

■  I      ■  I  ■  I  I  ■  ■■  I  ■  ■     !■    ■  ■  I  m, 

*  From  Medical  inriaprudence^  vol.  IL  by  Or  Paris  and  J.  S.  M.  Fon- 
blaoqae>  Ebq.  ^ 
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The  labours  of  the*  modern  chemist,  indeed,  have  enabled 
us  to  recognise  and  identify  each  particular  substance  by  its 
properties  and  habitudes,  with  an  infallible  deUcacy,  which 
the  physicians  of  a  former  age  could  scarcely  have  anticipat- 
ed and  much  less  practised. 

The  physiologist,  by  an  mvaiuably  series  of  observations 
and  experiments,  has  demonstrated  the  particular  organ,  or 
texture,  upon  which  each  individual  poison  exerts  its  energies ; 
and  the  pathologist  has   been  thus  enabled  to  establish  the 
mode  in  which  it  depraves  the  health,  or  extinguishes  the  life 
^f  an  animal*    Nor  has  the  anatomist  withheld  his  contribu* 
tions  upon  this  interesting  occasion,  for  he  has  demonstrated 
the  situation,  extent,  and  mtensity  of  the  organic  lesions  which 
result  from  the  operation  of  these  terrible  agents  upon  the 
living  body ;  and  has  pointed  out  several  appearances  which 
occur  from  natural  causes,  but  which  might  be  mistaken  by 
the  unskilful  or  superficial  observer,  for  the  ravages  of  poison. 
It  remains  for  the  forensic   physician  to  converge  into  one 
focus  the  scattered  rays  whicn  have  thus  emanated  from  so 
many  points,  and  thereby  to  elucidate  and  determine  the  line 
of  conduct  which  the  medical  attendant  is  called  upon  to  pur- 
sue for  the  relief  of  the  patient  suffering  under  the  torments  of 
poison,  and  for  the  establishment  of  the  guilt  or  innocence  of 
the  party  charged  with  the  perpetration  of  a  crime,  which  may 
be  said  to  rob  courage  of  its  just  security,  while  it  transfers  to 
cowardice  the  triumphs  of  valour.    Tnat  engines  so  powerful 
and  secretin  their  work  of  destruction  should  have  universally 
excited  the  terror  of  mankind  is  a  fact  which  cannot  surprise 
us.    When  we  consider  how  intimate  are  the  relations  between 
fear  and  credulity,  we  need  not  seek  further  for  the  solution 
of  the  many  problems  to  which  the  exaggerated  statements  of 
ancient  toxicolocists*  have  given  origin ;  the  most  extraordi- 
nary of  those  relate  the  alleged  subtlety  of  certain  poisons,. 
which  was  believed  to  be  so  ext|;eme  as  to  defeat  the  most 
skilful  caution,  and  at  the  same  time  so  manageable,  as  to  be 
capable  of  the  most  accurate  graduation ;  so  that  in  short  the 
accomplished  assassin  was  not  only  thus  enabled  to  ensure  the 
death  of  his  victim  through  the  most  secret  and  least  suspi- 
cious agents,  but  to  measure  his  alloted  moments  with  the 
nicest  precision,  and  to  occasion  his  death  at  any  period  that 

*  The  study  of  poisoning  appears  to  have  been  of  considerable  antiquity. 
Vl^ses  sought  poison  for  bis  weapons  from  llus,0d.  1.  1.  v.  261 ;  but  the  con- 
scientious pharniacopoUst  refoMa  to  furnish  his  dangeious  preparations  to  the 
wily  chief. 


174  0/ Poisons. 

might  best  answer  the  object  of  the  assassination.  The  writ- 
ings of  Plutarch,  Tacitus,  Theophratus,  Quintillian,  and  Livy, 
abound  with  such  instances  of  occuh  and  slow  poisoning;  most 
of  which,  however,  notwithstanding  the  weight  they  may  acquire 
from  their  testimony,  bear  internal  evidence  of  their  fallacious 
character.  Plutarch  informs  us  that  a  slow  poison  which 
occasioned  heat,  chough,  spitting  of  blood,  a  lingering  consump- 
tion  of  the  body,  and  a  weakness  of  intellect,  was  administered 
to  Aratus  of  Sicyon.  This  same  poison  is  also  alluded  to  by 
Quintillian  in  his  declamations.  Tacitus*  informs  us  that 
Sejanus  caused  a  secret  poison  to  be  administered  by  an  eunuch 
to  Drusus,  who  in  consequence  gradually  declined,  as  if  by  a 
consumptive  disorder,  and  at  length  died.  Theophratus,! 
speaks  of  a  poison,  prepared  from  aconite,  that  could  be  so 
modified  as  to  occasion  death  within  a  certain  period,  such  as 
two,  three,  or  six  months,  a  year,  and  even  some  times  two 
years. 

To  such  an  extent  does  the  crime  of  poisoning  appear  to 
have  been  carried,  about  two  hundred  years  before  the  chrisr 
tian  aera,  that,  according  to  Livy,{  aliove  150  ladies,  of  the 
first  families  in  Rome,  were  convicted  and  punished  for  pre- 
paring and  distributing  poison.  The  most  notorious  and  ex- 
pert characterof  this  kind  is  handed  down  to  us  by  the  historians 
and  poets  under  the  name  of  Locusta,  who  was  condemned  to 
die  on  account  of  her  infamous  actions,  but  was  saved  in  order 
that  she  might  become  a  state  engine  and  be  numbered,  as 
Tacitus  expresses  it,  "  Inter  instrumenta  regniJ^  She  was  ac- 
cordingly employed  to  poison  Claudius  by  Agrippina,  who 
was  desu-ous  of  destroymg  the  Emperor,  and  yet  feared  to 
despatch  him  suddenly,  whence  a  slow  poison  was  prepared 
by  Locusta,  and  served  to  him  in  a  dish  of  mushrooms,  of 
which  he  was  particularly  fond,  ^  Boletorum  awetmHssimus  ;^ 
but  it  failed  in  its  effects,  as  we  learn  from  lacitus,  until  it 
was  assisted  by  one  of  a  more  powerful  nature.  ^  Post  quem 
nihil  amplius  editJ*^  This  same  Locusta  prepared  also  the 
poison  with  which  Nero  despatched  Britannicus,  the  son  of 
Agrippina,  whom  his  father  Claudius  wished  to  succeed  him 
on  the  throne.  The  poison  appears  to  have  proved  too  slow 
in  its  operation,  and  to  have  occasioned  only  a  dysentery* 
The  Emperor  accordingly  compelled  her  by  blows  and  threats 
to  prepare  in  his  presence  one  of  a  more  powerful  nature,  and 


•  Taeiti  ADnal.  Ub.  iv.  o.  8.       t  Hist.  Pltot.  lib.  ix.  c.  1«.  p.  189. 
t  Lib.  yiii.  e.  18. 


as  the  tale  is  related  by  Suetonius,  it  appears  that  it  wa»  then 
tried  on  a  kid,  but  as  ine  animal  did  not  die  until  the  lapse  of 
five  hours,  she  boiled  it  for  a  longer  period,  when  it  became 
so  strong  as  instantaneously  to  kill  a  pi§  to  which  it  was  given. 
In  this  state  of  concentration  it  is  said  to  have  despatched 
Britannicus  as  soon  as  he  tasted  it.*  Vide  Tac.  An.  13,  s. 
15<,16.  Now  it  would  clearly  appear  from  these  statements 
that  Locusta,  avowedly  the  most  accomplished  poisoner  of 
ancient  Rome,  was  wholly  incapable  of  graduating  the  strength 
of  her  poisons  to  the  different  purposes  for  which  they  were 
applied. 

The  records  of  modern  times  will  furnish  examples  no  less 
atrocious  than  those  we  have  just  related. 

Tophana,  a  woman  who  resided  first  at  Palermo,  and  after- 
iK-ards  at  Naples,  may  be  considered  as  the  Locusta  of  modern 
lustory ;  she  invented  and  sold  those  drops  so  well  known  by 
the  names  of  Aqua  Toffania,  Aqua  della  Toffana,  Acquetta  di 
Napoli,  or  simply  Acquetta.  This  stygian  liquor  she  distrib- 
uted by  way  of  charity  to  such  wives  as  wished  for  other  hus- 
bands; from  four  to  six  drops  were  sufficient  to  de.troy  a  man, 
and  it  was  asserted  that  the  dose  could  be  so  proportioned  as 
to  operate  within  any  given  period.?  It  appears  that  in  order 
to  secure  her  poison  ^om  examination,  she  vended  it  in  small 
glass  phials,  inscribed  ^^  Manna  of  Saint  Nicolas  Bari^'*  and  or- 
namented the  vessel  with  the  image  of  the  Saint.  Having  been 
put  to  the  rack  she  confessed  that  she  had  destroyed  upwards 
of  six  hundred  persons,  for  which  she  suffered  death  by  stran- 
gulation in  the  year  1709. J  In  1670  the  art  of  secret  poison- 
ing excited  very  considerable  alarm  in  France;  the  Mar^ 
cmoness  de  Brinvillier,  a  young  woman  of  rank  and  great 
personal  attractions,  having  intrigued  with,  and  subsequently 
married  an  adventurer  named  Sauit  Croix,  acquired  from  him 
the  secret  of  this  diabolical  art,  and  practised  it  to  an  extent 
that  had  never  before  been  equalled.  She  poisoned  her  two 
brothers  through  the  medium  of  a  dish  at  table.  She  also 
prepared  poisoned  buiscuits,  and  to  try  their  strength  she  dis- 


^  For  the  ingeoious  mode  in  which  this  poison  was  administered,  see 
Tecitus.  The  Prince  having  called  for  a  cup  of  wine,  it  was  purposely  pre- 
sented too  hot ;  he  desired  cold  water  to  be  added  to  it,  ana  the  opportu- 
nity was  then  taken  to  infuse  the  poison.  By  this  stratagem  the  taster  (<<  ca- 
lida  gelidieque  minister."  Juv.  Stat.  V  v.  63)  escaped  its  effects,  in  which  he 
most  otherwise  have  participated  with  Britannicus. 

t  The  reader  will  nnd  a  very  interesting  account  of  this  diabolical  woman 
ID  Labafs  Travels  through  Italy,  an{J  also  in  Beckman's  History  of  Invention*. 

X  Hoffman  Medicia.  National. 
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tributed  them  herself  to  the  poor  at  the  Hotel  Dieu.  Her' 
own  maid  was  likewise  the  subject  of  her  experiments.  To 
her  father  she  gave  poisoned  broth,  which  brought  on  Symp- 
lons characteristic  of  those  induced  by  corrosive  sublimate. 
Her  brothers  lingered  during  several  months  under  much 
suffering.  The  detection  of  this  wretch  is  said  to  have  been 
brought  about  in  the  following  manner.  Saint  Croix,  when- 
ever engaged  in  the  preparation  of  his  poisons,  w^s  accustom- 
ed to  protect  himself  from  their  dangerous  fumes  by  wearing 
a  glass  mask,  which  happening  to  fall  off  by  accident,  he  was 
found  dead  in  his  laboratory.*  A  casket  directed  to  the 
Marchioness,  with  a  desire  that  in  case  of  her  death  it  might 
be  destroyed  unopened,  was  found  in  his  chamber,  a  circum- 
stance which  in  itself  was  sufficient  to  excite  the  curiosity  and 
suspicion  of  those  into  whose  hands  it  fell.  The  casket  was 
accordingly  examined,  and  the  disclosure  of  its  contents  at 
once  developed  the  whole  plot,  and  finally  led  to  the  convic- 
tion of  this  French  Medea,  who  after  a  mumber  of  adventures 
and  escapes,  was  at  length  arrested  and  sent  to  Paris,  where 
,  she  was  beheaded,  and  then  burnt,  on  the  eleventh  of  July, 
1676.  The  practice  of  poisoning,  however,  did  notecase  with 
her  execution,  and  it  became  necessary  in  1679  to  establish  a 
particular  tourt,  for  the  detection  and  trial  of  such  offenders ; 
which  continued  for  some  time  to  exert  its  jurisdiction  under 
the  title  of  Chambre  de  Poison,  or  Chambre  Ardente. 

With  respect  to  the  secret  modes  in  which  poisons  have 
been  supposed  capable  of  acting,  mankind  have  ever  be- 
trayed the  most  extravagant  credulity,  of  which  the  numerous 
tales  upon  record  afford  ample  proof;  such  as  that  reported 
of  Parasapis  by  Plutarch,  from  Ctesias,  in  his  life  of  Artax- 
crxes,  who,  it  is  said,  by  anointing  a  knife  on  one  side  by 
poison,  and  therewith  dividing  a  bird,  poisoned  Statira  with 
pne  half,  and  with  the  other  regaled  herself  in  perfect  security. 
We  are  also  told  of  Livia,  who  poisoned  tne  figs  on  a  tree 
which  her  husband  was  in  the  habit  of  gathering  with  his  own 
hands.  Tissot  informs  us  that  John,  king  of  Castille,  was 
poisoned  by  a  pair  of  boots  prepared  by  a  Turk ;  Henry 
VI.  by  gloves  ;t  Pope  Clement   V II.  by  the  fumes  of  a  ta- 


♦  This  story,  if  we  mistake  not,  sugsiested  to  the  successful  author  of  Kcn- 
ilworth  the  traeic  death  of  his  alchymist. 

t  The  belief  in  the  possibility  of  poisoning  by  the  vestments  is  very  ancient, 
ts  is  shown  by  the  fabled  death  of  Hercules. 

■  **  Capit  iiueim  h  ras ; 
Indttharque  bumerit  Lerofeie  virut  Echidae 
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per;*  and  our  king  John  in  a  wassail  bowl,  contaminated  by 
matter  extracted  from  a  livihg  toad.  To  these  few  instances  of 
credulity  may  be  added  the  offer  of  the  priest  to  destroy  qiieen 
Elizabeth  by  poisoning  her  saddle,!  and  the  Earl  of  Essex,  by 
anointing  his  chair. 

Incredible  and  absurd  as  these  opinions  now  appear,  they 
continued  until  a  late  period  to  alarm  mankind,  ana  to  perplex 
and  baffle  judicial  investigations ;  even  Lord  Bacon  in  his 
charge  against  the  Earl  of  Somerset  for  the  murder  of  Sir 
Thomas  Overbury,  in  the  Tower,  seemed  to  give  credit  to  the 
story  of  Livia,  and  he  seriously  stated,  that  "  Weston  chased 
the  poor  prisoner  with  poison  after  poison;  poisoning  salts, 
poisoning  meats,  poisoning  sweetmeats,  poisoning  medicines 
and  vomits,  until  at  last  his  body  was  almost  come,  by  the 
use  of  poisons,  to  the  state  that  Mithridates's  bod  v  was  by  the 
use  of  treacle  and  preservatives,  that  the  force  of  poisons  was 
bhinted  upon  him ;''  Weston  confessing,  when  he  was  reproach- 
ed for  not  despatching  him,  that  he  had  given  enough  to  poison 
twenty  men4  The  power  of  so  graduating  the  force  of  a 
poison  as  to  enable  it  to  operate  at  any  given  period,  seems  to 
have  been  considered  possible  by  the  earlier  members  of  the 
Royal  Society ;  fo^  we  learn  from  Spralt's  history  of  that  learn- 
ed body,  that  very  shortly  after  its  institution,  a  series  of 
Questions  were  drawn  up  by  the  direction  of  the  Fellows,  for 
le  purpose  of  being  submitted  lo  the  Chinese  and  Indians, 
viz.  "  Whether  the  Indians  can  so  prepare  that  stupifying 
herb.  Datura,  that  they  malce  it  lie  several  days,  months, 
years,  according  as  they  will  have  it,  in  a  man's  body,  without 
doing  him  any  hurt,  and  at  the  end  kill  him  without  inissing 
half  an  hour's  lime  ?" 

That  mankind  were,  in  a  very  early  stage  of  their  existence, 
not  only  acquainted  with  the  deadly  effects  of  certain  natural 
substances  when  applied  in  minute  quantities,  but  that  they 
availed  themselves  of  such  knowledge  for  the  accomplishment 
of  the  worst  purposes,  is  very  satisfactorily  shown  by  the  re- 
cords of  sacred  as  well  as  profane  authors.  But  such  is  the 
ambiguity  of  ancient  writers  upon  this  subject,  and  so  intimate- 
ly blended  are  all  their  receipts  with  the  practices  of  super- 


Iimluit  vu  ilk  raali :  reiolataqiie  flammis 
Hcreukos  alnit  Utte  diffbn  per  artu»." 

Orid.  Metmm.  lib.  iz.  t.  157. 

*  Qasest.  Med.  Leg.       t  Sir  Edward  Coke  in  the  trial  of  Sir  Johu  HoUis. 
X  Bacon's  Works,  vol.  ii.  p.  614. 
VOL.  II. — NO.  2.  23 
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stition,  that  every  research,  however  learned,  into  the  exact 
nature  of  the  poisons  which  they  employed,  is  necessarily 
vague  and  unsatisfactory.  Of  this  one  fact,  however,  we  may 
be  perfectly  satisfied,  that  they  were  solely  derived  from  the 
animal  and  vegetable  kingdoms  ;  for  the  discovery  of  mineral 
poisons  was  an  event  of  later  date ;  owing  however  to  the  de- 
fect of  botanical  nomenclature",  it  is  even  doubtful  whether  the 
plants  which  are  designated  by  the  terms  cicuta,  aconitum, 
6LC»  in  ancient  authors,  were  identical  with  those  we  designate 
by  the  same  names.  {See  Pharnuicologia^  ffih  edit.  vol.  1. 
p.  66.)  With  respect  to  the  poisons  of  Locusta,  all  cotempo- 
rary  writers  speak  of  the  venom  of  the  toad  as  the  fatal  in- 
'gredient  of  her  potions,  and  in  the  Alexipharmaca  of  Diosco- 
rides  we  find  the  symptoms  described,  which  are  said  to  be 
produced  by  it ;  but  what  is  very  extraordinary,  the  belief 
of  the  ancients  on  this  matter  was  all  but  universal.  Pliny  is 
express  on  the  subject ;  ^Ktius  describes  two  kinds  of  this  rep- 
tile, the  latter  of  which,  as  Dr  Badham  has  suggested,  was  pro- 
bably the  frog  as  well  from  the  epithet,  as  tnat  he  ascribes 
deleterious  powers  only  to  the  former.  It  is  scarcely  neces- 
sary to  observe  that  this  ancient  belief  has  descended  into 
later  times ;  we  find  Sir  Thomas  Browne  treating  such  an 
opinion  as  one  of  the  vulgar  errors ;  and  wc  have  before  al- 
luded to  the  legend  of  King  John  having  been  poisoned  by  a 
wassail  bowl,  in  which  matter  extracted  from  a  living  toad 
was  said  to  have  been  infused.  In  still  later  times,  we  have 
heard  of  a  barrel  of  beer  poisoned  by  the  same  reptile  having 
found  its  way  into  it.  Borelii  and  VaUsnieri  maintain  that  it 
is  perfectly  harmless,  and  state  that  they  had  seen  it  eaten 
with  impunity.  Spielman*  expresses  the  same  opinion,  "  Mi- 
nus  recU  itaque  effectus  venenati  a  bufonibus  metuuntur.^^  Franck,t 
on  the  contrary,  accuses  Gmelin  of  too  much  Precipitancy  in 
rejecting  the  belief  respecting  toad-jx)ison.J  Modern  natural- 
ists recognise  no  poisonous  species  of  toad  ;  even  the  most  for- 
midable of  the  species,  to  appearance,  that  of  Surinam,  is  said 
te  be  perfectly  harmless. 

If  we  may  venture  to  offer  a  conjecture  upon  this  subject, 
we  are  inclined  to  consider  the  origin  of  this  opinion  to  have 
been  derived  from  the  frecjuency  with  which  the  toad  entered 
into  the  composition  of  spells  or  charms,  into  philtres  or  love 


^  Instil.  Mater.  Medic,  p.  176.        t  Manuale  di  Tossicologia,  p.  79»  246. 
I  See  also  rnstituzioni  di  M^d.  For.  di.  G.  Tortosa,  voh  ii.  p.  67.  and 
authorities  there  cited. 
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podoBS^  and  which,  like  the  bat  and  the  owl,  most  probablj 
derived  its  magical  character  from  the  sloom  and  solitude  of 
ks  habitation.  Shakspeare  has  accordingly  introduced  this 
reptile  into  the  witches'  eochanted  cauldron  in  Macbeth. 

^  Round  about  the  cauldron  ^; 
In  the  poisonM  entrails  throw. 
Toad  that  under  coldest  stono 
Dajs  and  niglits  has  thirty-one 
Sweltered  venom  sleeping'  ^t, 
Boil  thou  iirst  i'  the  channcd  pot  !^ 

This  opinion  receives  further  strength  when  it  is  considered 
how  frequently  poisons  were  administered  under  the  insidious 
form  of  charms  or  incantations.* 

It  has,  however,  l>een  shown  by  late  experiments,  that  the 
toad  has,  under  particular  circumstances,  the  power  of  eject- 
ing from  the  surface  of  the  body  an  acrid  secretion  which 
excoriates  the  hands  of  those  that  come  in  contact  with  it ; 
and  this  fact  may,  perhaps,  have  assisted  in  supporting  the 
general  belief  respecting  the  poisonous  nature  of  tliis  reptile. 
Felletier  has  ascertainea,  that  this  corrosive  inatter,  contained 
in  the  vesicles  which  cover  the  skin  of  the  common  toad 
(Rana  Bafo),  has'  a  yellow  colour,  and  an  oily  consistence^ 
and  to  consist  of,  first,  an  acid  partly  united  to  a  base,  and 
constituting  one  twentieth  part  of  the  whole ;  second,  very 
bitter  fatty  matter;  third,  an  animal  matter  bearing  some 
analogy  to  gelatine* 

It  would  also  appear  from  the  writings  of  Dioscorides,  Ga- 
len, Nicander,  iEtius,  Elian,  and  Pliny,  that  the  ancients  de- 
rived a  very  energetic  poison  from  tlie  sea  hai*e,  Lepiis  Ma- 
rimts^ — the  Aplysia  Depilans  of  Linnfeus :  and,  if  we  may  credit 
Philcstratus,  it  was  with  such  a  poison  that  7'itus  was  killed 
by  Domitian. 

There  is,  however,  ample  ground  for  supposing  that  the 
poisons  of  the  ancients  were,  for  the  most  part,  obtained  from 
the  vegetable  kingdom,  and  from  the  class  of  narcotic  plants  ;t 
that  they  were  compounded  of  a  great  variety  of  such  in- 
CTedients,  together  with  others  that  were  quite  inert  and  use- 
less, and  wHicb  merely  served  to  disguise  their  composition. 
Ancient  writers  also  allude  to  the  blood  of  the  bullock  as 

*  This  faet  may  he  illustrated  by  ancient  as  well  as  modern  records ;  from 
the  poisoned  tonic  of  the  Centaur  Nessas,  to  the  treacherous  powders  of  the 
duibolical  Mary  Bateman. 

tTbeopbrast.  Hist.  Plant.  Ix.  c. 16.  Straho  mentions  the  action  of  the 
Lauroeerasus,  as  a  poison,  and  observes  that  it  occasions  a  death  like  that 
#f  epilepsy. 
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a  poison-;  Themistocles  is  said  by  Plutarch  to  have  destroy- 
ed himself  by  this  fluid ;  and  Strabo  states,  that  Midas  died 
of  drinking  the  hot  blood  of  this  animal,  which  he  did,  as 
Plutarch  mentions,  to  free  himself  from  the  numerous  ill 
dreams  which  continually  tormented  him.  Some  historians 
assign  the  death  of  Hannibal  to  the  same  draught. 

With  respect  to  the  poisons  employed  by  Tophana,  the 
Locusta  of  modern  days,  and  her  infamous  successors,  there 
is  less  doubt ;  arsenic,  corrosive  sublimate,  sugar  of  lead,  and 
antimony,*  were  among  tlie  most  powerful  of  their  instruments 
of  torture  and  death.  According  to  the  declaration  of  the 
Emperor  Charles  VIL  to  his  physician  Garelli,  the  ^qtia  To/- 
fania  was  a  solution  of  arsenic  m  Aqua  Cymbalariae.t  Dr 
Hahneman  considered  its  basis  to  have  been  an  arsenical 
salt.  Others  have,  with  little  probability,  regarded  opium 
and  cantharides  as  the  active  ingredients.  Franck,t  speak- 
ing of  the  Aqua  Toffania,  agrees  with  Gmelin,§  that  it  is  no 
other  than  a  solution  of  arsenic.  The  Puhis  Successionisj 
another  instrument  of  death,  whose  title  announces  the  dia- 
bolical intention  with  which  it  was  administered,  has  been 
supposed  to  have  been  a  preparation  of  lead ;  while  others 
have  .considered  it  to  have  consisted  of  diamond  dust,  and  to 
have  acted  mechanically. 

Having  thus  noticed  a  few  of  the  more  remarkable  an<jl  in- 
interesting  features  in  the  literary  history  of  Toxicology,  we 
shall  proceed  to  consider  the  subject  of  poisons,  in  relation  to 
their  operation. 

A  poison  (Toxicum,  Venenum,  Virus),  has  been  very  cor- 
reedy  defined  by  Gmelin  to  be  a  substance  which,  when  ad- 
ministered internally,  or  applied  externally  in  a  small  dose, 
impairs  the  health,  or  aestroys  life.  This  definition  is 
adopted  by  Mead,  Spoegal,  Plenck,  and  Tortosa,  and  is  to 
be  preferred  to  every  other,l  not  only  for  its  simplicity,  but . 

*  All  these  substances  were  found  in  the  casket  of  Saint  Croix. 

t  Gerarde,  in  his  Herbal,  considers  the  Cymbali^ria  to  be  the  Pennywort  of 
which  be  describes  t\vo  varieties,  viz.  the  Wall-pennywort,  and  the  Water- 
pennywort  ;  and  he  blames  the  "  ignorant  apothecaries,'*  for  usine  the  latter 
instead  of  the  former,  as  extremely  dangerous  and  destructive  to  life.  Mod- 
ern Botanists  consider  it  as  an  Antirrhinum, — A.  Cymbalaria.  Lin.  i.  e.  Ivy- 
leaved  Toad-flax.  We  are  not  aware  of  any  part  of  this  genus  being  poison- 
ous. The  A.  Linaria,  common  Toad-flax,  appears  to  be  the  only  one  to 
which  any  medicinal  virtues  have  been  ascribed.  Linnaeus,  however,  says, 
(Flor.  Saec  )  that  this  plant  is  used  as  a  poison  to  flies. 

X  Man.  de  Toxicol.  §  Hist.  General  de  Venen.  mineral. 

II  Boerhaave  gives  us  the  following  definition.  "  f^cnenum  dico  omfie  iUud 
quad  ingutum  vel  applicatum  corporis  talem  in  corpore  humano  mutaiionem 
exeitat,  qiUR  per  ipsam  cam  mtUaltonem  non  tuperaiur,    Medicatnentum  pnele^ 
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for  its  independence  of  any  theory  relative  to  the  modus  ope^ 
nmdi  of  such  agents.  But  it  will  be  seen,  that  by  accepting 
tlus  definition,  we  are  necessarily  led  to  admit  the  fact,  that 
poisooing  may  be  acute,  or  chronic ;  that  is  to  say,  that  it  may 
at  once  destroy  life,  or  produce  a  disease  which  can  be  pro- 
tracted to  any  indefinite  period.  After  the  erroneous  and 
vague  notions  which  have  been  entertained  upon  the  subject 
of  ^  Slow  poisons,^  it  is  highly  essential  that  the  latitude  of 
our  belief  should  be  accurately  ascertained,  and  the  precise 
meaning  of  our  terms  defined* 

OfSlow^  Consecutvoe,*  and  Accumulative  Poisoning. 
1*  Slow  Poisons. — According  to  the  popular  acceptation 
of  the  term,  they  may  be  defined,  substances  which  can  be 
administered  imperceptibly ;  and  a  single  dose  of  which  will 
operate  so  gradually  as  to  shorten  lite,  like  a  Ungering  dis- 
ease ;  their  force,  at  the  same  time,  admitting  of  so  nice  an 
adjustment  as  to  enable  the  artist  to  occasion  death  at  any 
required  period.  We  have  now  to  inquire  how  far  such  al- 
leged powers  are  consistent  with  the  known  laws  of  physiolo- 
gy. It  cannot  be  denied  that  certain  substances  have  been 
mtroduced  into  the  alimentary  canal,  where  they  have  re- 
mained for  an  indefinite  period,  without  occasioning  the 
slightest  inconvenience,  and  at  length  excited  a  disease  that 
has  terminated  fatally ;  in  the  London  Medical  and  Physical 
Journal  for  February,  1816,  a  case  is  related  in  which  death 
was  occasioned  by  a  chocolate  nut  having  lodged  in  the  en- 
trance of  the  appendix  vermiformis ;  and  in  the  Eklinburgh 
Medical  and  Surgical  Journal  for  July,  1816,  we  have  an 
analogous  case,  communicated  by  Dr  Briggs  of  Liverpool, 
where  the  Appendix  cseci  sphacelated,  owing  to  the  irritation 
of  a  human  tooth  which  was  found  sticking  in  its  cavity.  Mr 
Children  has  lately  communicated  to  ttie  Royal  Society  a 
case  where  a  concretion  in  the  colon  produced  death ;  upon 
examination  it  was  found  to  contain  a  plum-stone,  as  a  nu- 
cleus, and  to  consist  of  a  fine  fibrous  vegetable  substance, 

rea  in  eo  differl,  quod  ipm,  quamfacU  mutatioy  in  taniiatem  ttndaty  ventnum 
vero  corpus  mutate  tU  ex  sano  a;grutnfiatf  out  cadaver"  Praclect.  Acad.  T.  vi. 
p.  283. 

Hoffman  bas  furnished  us  with  a  definition  less  exceptionable  than  the 
foregoing,  but  still  inferior  to  that  of  Gmelin.  **  Alit  natura  ru,  qu^  exigva 
mole  et  tutnma  pariium  tenuiiate,  brevi  tempore  coneentum  atque  ordinem  mo- 
tuum  vUalium  pervertuntf  vel  plane  detlruunt ;  et  Ace  voeari  solent  VenenaJ* 
(M.  R.  S.  T.  ii.  p.  88. 

*  We  have  adopted  thi»  term,  as  one  that  has  been  in  previons  use,  although 
we  are  by  no  means  satisfied  that  a  more  expressive  word  might  not  be 
found. 
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from  the  inner  coat  enveloping  the  farina  of  the  oat,  and 
which  was  derived  from  the  oatmeal  upon  which  the  deceased 
had  fed.  (Pliil.  Trans.  1822.)  However  disposed  we  may 
feel,  by  a  forced  construction  of  the  term,  to  cpnsider  such 
agents  as  slow  poisons,  it  is  very  evident  that  they  can  rarely 
have  been  madfe  subservient  to  the  purposes  of  secret  poison- 
ing ;  although  a  case  occurred  in  the  practice  of  the  author,* 
in  which  a  girl  swallowed  six  copper  pence  for  the  avowed 
purpose  of  destroying  herself;  the  coin  produced  a  disease 
which  remained  chronic  for  a  very  considerable  period,  when^ 
after  a  lapse  of  five  years,  they  were  voided,  and  the  young 
woman  recovered.  A  similar  attemp>t  was  also  made  by 
Theodore  Gardelle,  after  his  conviction  for  the  murder  ojf 
Mrs.  King  {vide  ante) ;  he  swallowed  a  number  of  halfpence, 
for  the  purpose  of  destroying  himself,  but  without  any  ill  ef- 
fect. Dr  Baillie,  in  his  ^'Morbid  Anatomy,"  relates  an  in- 
stance, where  five  halfpence  had  been  lodged  in  a  pouch  in 
the  stomach  for  a  considerable  time  without  occasioning  any 
irritation ;  and  Mr  A.  Thomson  has  also  furnished  us  with 
two  analogous  cases  in  children,  in  one  of  which  the  copper 
coin  remained  six  months  in  the  intestines,  and  in  the  other 
two  nlonths.  These  facts  furnish  sufiicient  data  to  enable  the 
practitioner  to  appreciate  the  dee;ree  of  danger  attendant 
upon  such  agents,  and  to  determine  how  far  they  can  ever 
become  successful  instruments  in  the  hands  of  the  assassin.! 
.But  it  has  been  supposed  that  certain  bodies,  as  glass, 
enamel,  diamonds,!  agates,  smalt,  &c.  when  administered  in 
the  form  of  power,  so  lacerate  the  membranes  of  the  stomach 
by  the  sharpness  of  their  particles  as  slowly  to  destroy  life ; 
and  upon  the  same  principle,  it  has  been  asserted,  that  hu- 
man hair,  chopped  fine,§  constitutes  the  active  ingredient  of  a 
slow  poison  frequently  employed  in  Turkey,  and  that  it  in- 
duces by  irritation  a  chronic  disease  resembling  cancer. 
With  respect  to  the  danger  arising  from  the  ingestion  of  dia- 
mond dust,  enamel  powder,  powdered  glass,  and  the  like, 

*Tbis  case'is  detailed  in  his  Pbarmacologia,  under  the  article  Capri  Sul- 
phas. 

t  See  an  interesting  paper  by  Dr  Marcet,  in  the  12th  volume  of  the  Medi- 
co-Cbirurgical  Transactions,  entitled,  "  Account  of  a  Man  that  lived  Ten 
Years  after  having  swallowed  a  number  of  Clasp  Knives." 

t  In  the  reign  of  Louis  XIV.  Henrietta,  Duches  of  Orleans,  is  said  to  hav6 
been  poisoned  by  diamond  dust  ijiixed  with  powdered  sugar.  The  same 
substance  is  enumerated  among  other  extraordinary  poisons,  as  having  been 
administered  in  the  case  of  Sir  Thomas  Overbury. 

§  Old  women  in  the  country  recommend  the  same  remedy  for  the  destmc- 
tioD  of  worms ;  probably  the  medicine  and  the  poison  may  be  equally  effeg- 
tive. 
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there  still  may  be  said  to  exist  some  difference  of  opinion* 
Caldani,  Mandruzzato^t  and  M.  Le  Sauvage,  have  reported 
experiments  made  upon  men  and  inferior  animals,  in  which 
no  bad  consequences  followed  the  administration  of  such 
bodies;  whereas  Schurigiusij:  and  Cardanus§  cite  instances 
where  persons  have  died  of  ulcerations  of  the  stomach  from 
such  causes ;  and  this  opinion  receives  the  support  of  Plou- 
queUll  StoU,**  Gmelin,tt  Fodere,J+  Mahon,§§  Franck,||||  and 
many  others.  The  modern  pathologist  will  not  find  much 
difficulty  in  reconciling  such  conflicting  testimony.  The  ex- 
perimentalist may  administer  mechanical  substances  a  thou- 
sand times  without  producing  any  ill  effects,  while,  under 
certain  circumstances,  the  most  trivial  body  may  lodge  in 
the  intestines  and  produce  death ;  but  surely  the  occasional 
occurrence  of  sucn  accidents  ought  not  to  confer  the  general 
title  of  poison  upon  the  Substances  which  may  happen  to  pro- 
duce them. 

Having  thus  disposed  of  a  considerable  number  of  bodies, 
which  have  been  classed  as  alom  poisons,  we  may  proceed  to 
observe  that  most  of  the  other  substances  which  have  found 
a  place  in  the  same  division,  appear  to  us  to  deserve  consid- 
eration under  a  very  different  head,  and  that  we  shall  get  rid 
of  much  obscurity  by  adoptine  the  following  arrangement. 

2.  Consecatvot  Poisoning,- — Where  the  patient,  having  re- 
covered from  the  acute  effects  occasioned  by  the  ingestion  of 
a  single  dose  of  poison,  subsequently  suffers  a  series  of  symp- 
toms from  the  injured  structure  to  which  it  had  given  origin. 
By  referring  to  our  definition  of  slow  poisoning,  we  shall  at 
once  perceive  the  striking  and  important  distinction  between 
that  and  consecutive  poisoning.  The  following  case,  related 
by  M.  Orfila,  may  serve  as  an  illustration.  Maria  Ladan 
drank  by  mistake  a  spoonful  of  aquafortis,  the  most  violent 
symptoms  supervened,  but  which  by  judicious  treatment  gra- 
<iualJy  subsided,  when  at  length  she  passed  by  stool  a  long 
membraijous  substance,  rolled  up,  and  which  represented  the 
form  of  the  aesophagus  and  stomach,  and  which,  in  fact,  was  * 
found  to  be  the  interior  membrane  of  these  organs;  from 
that  moment  the  sensibility  of  the  digestive  organs  became 
excessive,  and  two  months  after  the  accidenf,  she  experienced 
a  sudden  shock  and  died.     Mr  Tartra,  in  observing  upon 

tSai^gi  Scientif.  e  Letter.  deirAccademia  di  Padova,  torn.  iii.  p.  11,  p.  1. 
t  Chylologia.  §  De  Venenis. 

j  Comment  soper  Homicid.  p.  177.        **  Ratio  Medendi.  Part  vi.  p.  60. 
ttHist.  General  de  Venenis  Mineral.      Xt  Med.  Leg.  torn.  ii.  p.  170. 
^ Tom.  ii.  p.  346.       ||||  Man.  de  Toucol. 


184  Of  Poisons. 

cases  of  this  kind,  asserts  that  the  symptoms  produced  at 
first  bv  the  nitric  acid  decrease  insensibly ;  and  that  at  the 
end  of  a  certain  period,  the  internal  membrane  of  the  diges- 
tive canal  is  struck  with  death,  and  thrown  off,  and  the  per- 
son dies  of  a  marasmus.  Fordyce*  relates  the  case  of  a  wo- 
man who  was  subject  to  cholics  for  the  space  of  thirty  years 
in  consequence  of  having  once  taken  an  infusion  of  the  pulp 
of  colocynth  prepared  with  beer.  Thi?  was  undoubtedly  an 
extraordinary  instance  of  idiosyncrasy,  but  it  is  probable 
that  some  organic  lesion  was  occasioned  by  its  operation,  to 
which  the  subsequent  suffering  is  to  be  referred.  We  have 
hitherto  only  considered  the  effects  that  may  arise  from  the 
ingestion  of  a  single  dose  of  poison,  but  there  are.  numerous 
and  very  interesting  cases  in  which  fatal  results  have  been 
produced  by  the  repetition  of  small  doses  at  various  intervals. 
We  therefore  propose  a  third,  and  new  subdivision  of  our 
subject,  viz.  . 

3.  Accumulative  Poisoning. — By  the  repeated  administra- 
tion of  a  substance  in  doses,  of  wnich  no  single  one  could  oc- 
casion harm ;  but  which,  by  gradually  accumulating  in  the 
system,  ultimately  occasions  disease  and  death. 

The  familiar  operation  of  mercurv  will  at  once  suggest  it- 
self to  the  physician,  as  a  striking  illustration  of  that  species 
of  poisoning  which  we  have  ventured  to  name  AccumtUaiivt, 
and  to  the  forensic  student  the  effects  of  this  metal,  in  refer- 
ence to  such  a  quality,  will  form  a  more  than  ordinary  ob- 
ject of  interest,  as  involving  questions  which  have  frequently 
embarrassed  judicial  inquiry ;  as,  for  instance.  Whether  it 
can  lie  dormant  any  considerable  tinie  without  betraying  its 
effects  upon  the  constitution,  and,  having  displaved  its  pow- 
ers, and  the  symptoms  having  subsided,  viz.  salivation,  &c. 
Whether  they  can  be  renewed  without  a  fresh  application  of 
the  substance  ? 

To  how  many  substances  this  power  of  accumulation  ex- 
tends, is  at  present  not  well  understood.  It  may  occur  in, 
those  that  act  by  absorption,  and  in  those  whose  action  is 
whollylocal.  Arsenic,  digitalis,  and  several  of  the  narcotic 
plants,  as  hemlock,  njay  undoubtedly  occasion  serious  mis- 
chief in  this  manner,  as  the  author  has  more  fully  explained 
in  another  work,t  and  we  have  lately  heard  of  several  fatal 
cases  arising  from  accumulated  masses  of  magnesia  in  the 
primas  viae,  from  the  habitual  use  of  small  doses  of  that  earth. 

*  Fragmenta  Chirare.  et  Med.  p.  66. 
tPbarmacologia,  fittb  edit,  vol  1.  p.  324. 
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Hie  history  of  many  of  the  arts,  especially  those  of  metal- 
lurgy, would  furnish  also  abundant  examples  of  this  kind  of 
poisoning. 

These  few  facts  are,  we  trust,  sufficient  to  authorize  the 
foregoing  arrangement,  and  we  apprehend  that  the  adoption 
of  the  distinctions  upon  which  it  is  founded,  will  be  of  great 
service  in  establishing  fixed  and  definite  notions  with  regard 
to  the  chronic  operation  of  poisons.  It  may  perhaps  be  use* 
ful  to  present  the  reader  with  a  synoptical  recapitulation  of 
the  subject. 

Jl  Slow  Poison. — ^A  single  dose  is  sufficient;  which  produces 
upon  its  administrati6n  no  sensible  eflfect,  but  gradually 
undermines  the  health. 
A  Comecuiioe  Poisoru — A  single  dose  is  sufficient ;    produc* 
ing  the  most  violent  symptoms,  very  shortly  after  its  in- 
gestion, but  which  gradually  subside,  and  the  patient  is 
supposed  cured ;  when,  at  some  future  time,  death  takes 
place  from  the  organic  lesions  that  had  been  occasioned. 
An Accwmulaiht  Poison. — Many  doses  are  required;   the 
efiects  being  produced  by  the  repetition  of  doses  which 
would,  indioiduaUif^  be  harmless. 
There  still  remains  another  point  of  view  in  which  it  is  es- 
sential to  regard  the  operation  of  a  poison,  in  order  to  eftab- 
lish  a  distinction  between  those  substances  which,  in  a  given 
dose,  will  destroy  life  under  every  circumstance  of  constitu- 
tion,  and  those  which  occasion  death  in  consequence  of  some 
constitutional  peculiarity  in  the  individual  to  whom  they  may 
have  been  administered,  and  which  are  innoxious  to  the  gene* 
ral  mass  of  mankind ;  the  gradations  by  which  food,  medicine, 
and  poison,  are  thus  enabled  to  branch  into  each  other  can- 
not DC  defined,  because  the  circumstances  with  which  Ihey 
are  related  defy  generalization.     The  distinction,   however, 
must  be  acknowledged  and  preserved,  and  we  know  no  terms 
better  adapted  for  expressing  it  than  those  of  Absolute  and 
Relatiot  poisons ;    ana  our  readers  are  accordingly  requested 
to  receive  them  in  conformity  with  this  explanation,  whenr 
ever  they  occur  in  the  following  pages.    Every  work  profess- 
ing to  treat  the  subject  of  poisons,  abounds  with  instances,  in 
which  articles  that,  by  universal  consent,  are  considered  ia- 
nocuous,  have  occasioned  the  most  direful  efiects.    Morgagni 
relates  a  case  of  a  person  who  died  from  eating  bread  made 
with  the  farina  of  the  chesnut.    Dr.  Winterbottom*  says  that 
he  is  subject  to  severe  nettle-rash  after  eating  sweet  almonds. 

*  See  Medical  Facts  and  Obaervationa,  vol.  v. 
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Schenkius  relates  a  case  in  which  the  general  law  of  astrin- 
gents and  cathartics  was  always  reversed.  Donatus  tells  us 
of  a  boy  whose  jaws  swelled,  whose  face  broke  out  in  spots, 
and  whose  lips  frothed,  whenever  he  eat  an  egg:  we  might 
add  many  more  examples,  but  it  is  nei&dless  to  encumber  a 
subject  with  illustrations  which  is  already  so  obvious  and  in* 
disputable.  Nor  do  the  anomalies  of  constitutional  idiosyn- 
crasies end  here,  for  they  not  only  convert  food  into  poison, 
but  they  change  poison  into  food,  or  at  least  into  a  harmless 
repast.  The  most  extraordinary  exemplification  of  this  on 
record  is  contained  in  the  history  of  the  old  man  at  Constan- 
tinople, as  related  by  M.  Pouqueville,  physician  to  the  French 
army  in  Egypt,  and  who  was  a  prisoner  at  Constantinople  in 
the  year  1798.  "This man,"  says  he,  "was  well  known  all 
over  Constantinople,  by  the  name  of  Suleyman  Yeyen,  or 
Suleyman,  the  taker  of  corrosive  sublimate.  At  the  epoch 
when  I  was  there  he  was  supposed  to  be  nearly  100  years 
old,  having  lived  under  the  Sultans,  Achmet  111.  Abdul  Ha- 
met,  and  Selim  III.  He  had  in  his  early  life  habituated  him* 
self  to  taking  opium  ;  but  notwithstanding  that  he  constantly 
increased  the  dose,  he  ceased  to  feel  from  it  the  desired  ef- 
fect, and  then  tried  sublimate,  the  effects  of  which  he  had 
heard  highly  spoken  of;  for  thirty  years  this  old  man  never 
ceased  to  take  it  daily,  and  the  quantity  he  could  now  bear 
exceeded  a  drachm.  It  is  said,  at  this  epoch  he  came  into 
the  shop  of  a  Jewish  apothecary,  and  asked  for  a  drachm  of 
sublimate,  which  he  swallowed  immediately,  having  first 
mixed  it  in  a  glass  of  water.  The  apothecary,  terrified,  and 
fearing  that  he  should  be  accused  of  poisoning  a  Turk,  imme* 
diately  shut  up  his  shop,  reproaching  himself  bitterly  with 
what  he  had  done ;.  but  his  surprise  was  very  great,  when  the 
next  day  the  Turk  came  again,  and  asked  for  a  like  dose  of 
9ublimate." 

Morbid  states  of  the  body  may  also  exist  which  are  capa- 
ble of  resisting  to  a  certain  extent,  or  of  modifying,  the  violent 
operations  of  particular  poisons. 

In  the  history  of  the  Royal  Academy  of  Sciences  for  1703, 
a  case  is  related  of  a  woman  who,  being  tired  out  by  a  pro- 
tracted dropsy,  under  which  her  husband  had  suffered^  chari- 
tablv  administered  t^  him  fifteen  or  twenty  grains  of  opium 
with  the  intention  of  despatching  him ;  but  the  dose  immedi- 
ately produced  such  copious  evacuations  by  sweat  and  urine, 
that  it  restored  hun  to  health.  This  relation  will  immediate- 
ly recall  to  the  recollection  of  the  classical  reader  the  story 
recorded  by  Plutarch,  io  his  life  of  Crassus,  of  Hyrodes 
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king  of  the  Partbians,  who,  havmg  fallen  into  a  dropfiical 
complaint,  had  poison  (aconite)  administered  to  him  by  his 
second  son,  Phraates,  but  which,  instead  of  destroying  the 
Un^,  as '  btended,  cured  his  disease.  The  son,  however, 
havmg  thus  failed  in  his  attempt,  shortly  afterwards  smother- 
ed his  father  with  his  piUow. 


•Art*  XXIL-— ^  J^'oHce  of  some  Parts  of  the  Work  ofM.  Charles 
Dtgmij  on  the  J^avy  and  Commerce  of  Great  Britain.    [T.] 

The  third  part  of  the  series  of  works,  projected  by  M. 
Charles  Dupin,  on  the  Power  of  Chreat  Brttain^  has  lately 
been  published  in  Paris,  and  the  high  reputation  which  the 
author  has  eained  by  the  two  former  parts,  is  not  likely  to  be 
diminished  by  his  last  publication.  M.  Dupin  is  an  elive  of 
the  polytechnical  school.  He  has  attained  a  place  in  the  in- 
stitute, and  holds  a  high  office  as  naval  engineer.  The  work 
of  which  we  propose  to  give  a  short  account,  is  the  result  of 
several  travels  in  Englandsince  1816.  Not  able  to  bear  the 
idleness  which  fell  upon  all  classes  connected  with  the  army 
and  navy,  after  the  disbanding  of  the  forces  in  1815,  his  ar^ 
dent  mind  sought  relief  in  visiting  the  great  public  works  of 
England,  and  diter  six  months'  soBcitation  he  obtained  leave 
of  absence,  from  his  government,  to  travel  over  England. 
The  facts  he  thus  collected  he  was,  on  his  return,  encouraeed 
to  publish  by  the  French  ministers ;  which  gives  his  work  a 
semi-official  character.  The  object  of  the  publication  seems 
to  have  been,  to  give  the  enlightened  classes  in  France  a  bet- 
ter view  than  they  have  heretofore  possessed  of  the  military 
and  naval  resources  of  England ;  of  the  public  and  private 
works  which  the  skill  and  industry  of  the  people  have  erected 
for  facilitating  trade,  manufactures,  and  foreign  commerce. 
A  great  deal  is  written  on  the  laws,  on  the  customs,  and  the 
details  of  the  administration,  as  connected  with  the  several 
arts  under  consideration,  which  gives  to  the  work  a  statistical 
character,  and  likewise  furnishes  the  author  with  ah  opportu- 
nity of  displaying  an  eloquence,  which  will  give  his  work 
more  general  popularity  than  be  could  expect  for  it  if  it  were 
confined  to  a  simple  description  of  public  works  and  of  the 
practice  of  the  arts. 

The  great  schools,  in  England,  for  studying  the  arts  con- 
nected with  maritime  afiairs,  are  at  the  nayal  arsenals.   These 
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the  government  have  opened  with  great  liberality  since  the 
peace  of  1815,  compared  with  its  former  cautious  admission 
of  strangers.  They  do  not,  however,  by  any  meaas,  open 
their  gates  to  an  indiscriminate  admission  of  all  foreigners. 
It  is  necessary,  according  to  M.  Dupin,  that  the  ambassador 
of  the  nation  to  which  the  stran^r  belongs,  should  obtain  an 
order  from  the  admiralty,  grantmg  permission  to  visit  a  par- 
ticular arsenal.  This  order  the  stranger  carries  with  him  to 
the  arsenal,  the  commissioner  of  whicn,  having  already  been 
apprised  from  the  admiralty  of  the  intended  visit,  gives  the 
stranger  a  more  or  less  respectful  reception,  according  to  his 
private  instructions.  The  liberality  of  the  government  and 
the  higher  officers,  however,  has  not  yet  maoe  its  wav  to  the 
subordinates,  who  appear  still  to  wonder  at  the  audacity  of 
the  Frenchman,  who  asks  for  admittance  at  the  gates  <>f  an 
ars^enal.  Dupin,  on  his.  visit  to  Portsmouth,  say s^ — ^^^  On  en- 
tering the  arsenal,  I  was  stopped  by  an  under  officer  of  the 
guard,  who  asked  me  what  I  wanted :  I  replied,  that  I  wished 
to  speak  with  the  commissioner.  I  was  dressed  in  the  French 
fashion,  and  I  express  myself  in  English  but  very  imperfecdy. 
After  this,  the  guard,  continuing  his  interrogation,  asked  me 
sharply.:  '  Of  what  nation  are  you  V  '  France.'  '  Of  course 
you  cannot  enter.'  '  But  I  only  wish  to  be  conducted  to  the 
office  pf  the  commissioner.'  ^*  You  cannot  even  speak  to  the 
commissioner — if  you  have  any  business  with  him, — ^write.' " 
Dupin,  however,  was  determined  to  see  the  great  works  of 
England,  and  to  this  end  to  submit,  with  resignation,  to  any 
vexation  which  could  be  heaped  upon  him,  in  silence.  If  the 
object  of  the  British  government,  in  opening  their  arsenals  to 
the  inspection  of  foreigners,  is  to  impress  them  with  high 
ideas  of  their  perfection  in  maritime  affairs,  as  is  hinted  in 
the  Quarterly  Keview,  they  haVe  succeeded  with  M.  Dupin 
to  a  decree  which  must  be  very  satisfactory.  They  have  ob- 
tained the  admiration  of  a  highly  enlightened  man ;  which,  in 
this  instance,  is  the  more  valuable,  as  the  expression  of  it,  al- 
though full  and  decided,  if  indeed  it  is  not  sometimes  to  ex- 
cess, often  co&ts  him  a  struggle  with  his  national  feelings. 

The  work  of  Dupin,  as  we  have  before  indicated,  is  a  his- 
tory of  the  present  state  of  the  arts  of  Great  Britam,  connect- 
ed with  war  and  commerce.  It  cannot  be  said  to  contain 
many  facts  which  were  not  already  known  to  some,  amongst 
the  enlightened  fjeople  of  England,  nor  a  great  number  of 
original  and  profound  speculations  or  researches,  on  the  the- 
ory or  practice  of  the  arts.  But  it  does  contain  much  judi- 
cious observation,  and  fair  summary  of  experiments,  and  a» 
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the  work  is  not  likely  to  find  its  way  into  many  hands  in  thb 
country,  we  shall  make  free  to  extract  a  few  passages  from 
such  parts  of  it  as  we  think  likely  to  be  most  interesting  to 
our  readers.  This  will  at  the  same  time  make  them  some* 
what  acquainted  with  a  writer  who  bids  fair,  for  many  years^ 
to  occupy  a  lai^e  place  amongst  the  engineers  of  France. 

The  following  is  taken  from  his  observations  on  the  general 
tendency  of  improvements  in  the  art  of  war  to  render  battles 
less  sanguinanr.  ^  When  gunpowder  was  first  applied  to 
combats,  the  mends  of  humanity  were  alarmed  with  the  idea 
that  we  had  acquired  a  means  of  destruction  so  powerful. 
That  invention  had  immensely  increased  the  distance  from 
whence  ipan  could  send  destruction  to  his  fellow  creatures  : 
all  seemed^to  presage,  that,  by  a  force  so  fetal,  wars  must,  in 
future,  become  an  indiscriminate  butchery,  which,  leaving 
nothing  to  genius  or  valour,  would  lead  mankind  to  an  age  of 
barbansm. 

"  But  effects  altogether  opposite  have  dissipated  forever 
these  chimerical  fears.  For  since  our  means  of  destruction 
have  enabled  us  to  combat  at  greater  distances,  the  result  has 
been,  in  both  sea  and  land  fights,  that  the  fields  of  batde  have 
been  enlarged.  The  lines  of  combatants,  instead  of  charging 
hand  to  hand,  attack  each  other  from  a  distance.  Combma- 
tions,  founded  on  the  nature  of  localities  and  on  the  diversity 
of  arms,  have  acquired  the  greatest  importance.  The  entire 
surface  of  the  greatest  countries  has  become  as  it  were  a  sin- 
^e  field  of  simultaneous  operations :  generals  have  taken  ad* 
vantage  of  all  their  essential  characters  in  djistributing  their 
new  means  of  attack  and  defence.  The  combinations,  and 
enlargement  of  the  theatre  of  action,  have  been  extended  to 
fleets  as  well  as  armies ;  and  we  now  but  rarely  witness  those 
close  charges,  by  which,  formerly,  innumerable  barbarians 
rushed  upon  the  lines  of  regular  armies  which  could  not  re- 
pulse them  from  a  distance,  thus  rendering  useless  the  supe- 
riority of  art,  and  deciding  by  the  quantity  of  blood  the  fate 
of  the  battle. 

^  Following  this  humane  but  erroneous  opinion,  that  those 
aims  which  are  most  efficient  for  destruction  are  most  fatal  to 
mankind,  we  have  seen  sovereigns  refusing  to  employ  certain 
inventions  which  appeared  to  Uiem  too  murderous.  They 
were  in  the  wrong. 

"  When  governments  have  recourse  to  the  terrible  means 
of  war,  that  is,  when  they  prefer  the  destruction  of  men  to  the 
continuance  of  an  order  of  things  which  appears  to  them  in- 
supportable, whatever  mode  of  warfare  they  may  adopt,  they 
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weight,  and  although  motion  must  be  communicated  to  certain 
parts  of  it,  under  the  disadvantages  of  this  condition.  What- 
ever experiments  may  be  made  with  inclined  rail  ways,  of  any- 
kind,  as  a  general  substitute  for  docks ;  we  venture  to  predict 
that  they  will  end  like,  the  proposed  substitution  of  the  same 
instruments  for  canal  locks, — ^in  the  discovery  that  they  are  no 
improvement. 

Dupin  has  investigated  at  considerable  length  the  compare 
ative  advantages  of  different  kinds  of  cannon  and  various 
other  implements  of  war,  and  he  admires  the  perfection  with 
which  they  are  wrought.  None  of  the  minor  improvements, 
however,  appear  to  strike  him  more  favourably,  than  the 
general  introduction  of  iron  tanks  in  the  equipment  of  ships, 
m  place  of  the  common  wooden  water  casks.  The  idea  of 
using  vessels  of  iron  for  this  purpose,  suggested  itself  to 
General  Bentham  as  long  ago  as  1798,  and  he  tried  the  ex- 
periment, covering  however  the  iron  tank  with  wood,  which 
answered  very  well.  Since  that  time,  Dickenson  and  Maud' 
slay  have  improved  them :  and  they  now  make  them  without 
any  wooden  covering.  Their  form  is  a  perfect  cube,  by  which 
a  great  deal  of  room  is  saved  in  stowage ;  the  largest  measure 
four  feet  on  each  side ;  and  the  smallest  kind  measure  three 
feet ;  there  is  one  intermediate  size.  So  highly  have  they 
been  approved  by  the  admiralty,  that  soon  after  the  peace, 
the  manufacturers  received  an  order  from  the  government  for 
seven  thousand ;  to  hold  nearly  two  tons  of  water  each.  Du- 
pin strongly  urges  the  use  of  them,  not  only  for  water,  but 
for  wines  and  spirits;  bread  and  the  various  vegetables; 
observing,  that  as  these  provisions  would  in  this  way  be  kept 
from  the  action  of  the  air,  we  may  be  assured  of  their  preser- 
vation for  an  almost  indefinite  period.  We  believe  that  this 
invention  has  not  yet  been  adopted  in  the  American  Navy. 

The  author  has  prefixed  to  the  treatise  on  the  co'nmercial 
power  of  England,  which  makes  the  third  part  of  .s  work, 
some  general  views  of  the  rise  and  present  state  of  the  arts 
connected  with  commercial  industry,  in  that  country  and  in 
France,  well  calculated  to  arouse  the  attention  of  his  country- 
men, both  by  the  soundness  of  his  observations,  and  the  glow- 
ing style  in  which  they  are  conveyed.  It  is  very  time  that 
fine  writing,  or  declamation,  about  such  every  day  concerns 
as  the  useful  arts,  is  always  to  be  considered  as  a  little .  sus- 
picious ;  since  it  seldom  happens  that  a  man  goes  to  the  bot- 
tom of  such  uncomely  affairs,  without  leaving  most  of  his  graces 
behind  him.  M.  Dupin,  however,  shows  so  much  knowledge 
throughout  his  book,  that,  to  applv  to  him  the  saying  of  a 
wit  on  another  occasion, — he  can  anord  to  declaim. 
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Dupin  considers  the  unequal  division  of  property,  however 
k  may  affect  the  condition  of  the  people  otherwise,  as  advan- 
tageous to  the  advancement  of  public  works,  and  in  the  heart- 
iness of  his  commendation6  he  seems,  momentarily,  to  forget 
that  he  is  a  lihcrak*    - 

**  The  great  families  of  England,''  he  says,  "  have  descended 
into  the  ranks  of  industry  to  acquire  new  titles  of  popularity 
a!id  esteem.  Thus  they  have  produced  works  of  general 
utility  which  would  surpass  the  means  of  a  privale  fortune. 
If  you  go  over  the  country  and  the  coasts  of  Great  Britain,  you 
discover  every  where  tne  monuments  of  this  magnanimous 
spirit.  Would  you  know  who  created  this  canal,  which  car- 
ries life  and  activity  through  the  neighbourhood  and  into  the 
heart  of  a  great  manufacturing  city  t  It  was  a  duke  of  Bridge- 
water  who  conceived  and  fully  executed  this  fine  enterprise* 
Who  created  this  rail  way,  which  conducts  for  ten  miles 
the  products  of  a  mine,  and  the  travellers  of  a  country,  to  an 
artificial  port  on  the  borders  of  a  sea,  and  what  powerful 
society  constructed  the  docks,  the  basins,  the  moles,  and  the 
edifices  of  this  port  ?  It  was  a  duke  of  Portland,  who  singly  was 
able  to  effect  this  vast  work. 

**  If  you  travel  over  the  cities  of  Great  Britain,  you  find  at 
every  step,  monuments  of  public  utility  elevated  by  the  unaid- 
ed munincence  of  opulent  and  generous  private  persons.  A 
simple  merchant  built  the  Royal  Exchange  of  London.  A 
knight,  constructed  at  his  expense,  the  great  aqueduct  of  the 
new  river.  A  Cavendish,  and  a  Bedford  have  formed  on  their 
own  lands,  in  the  metropolis,  squares,  as  large  and  regular  as 
the  largest  places  and  streets  of  Paris." 

Impressed  with  the  superiority  of  the  arts  of  industry  in 
England,  at  the  present  time ;  Dupin  finds  an  evident  relief  in 
recurring  to  the  periods  when  France  held  a  comparatively 
superior  rank.  The  following  from  his  sketch  of  the  intro- 
duction of  canals  into  Europe,  betrays  in  some  degree  this  feel- 
ing. "  The  middle  age  was  yet  uncivilized,  when  Uharlemagne 
conceived  the  project  of  opening  a  canal  between  the  neigh- 
boring sources  of  the  Danube  and  the  Rhine,  thus  to  unite  the 
Euxine  to  the  Ocean  and  the  north  of  Europe  to  the  west  of 
Asia.  Henry  IV.  is  the  first,  amongst  the  moderns,  who 
passed  beyond  the  mere  contemplation,  and  attempted  the 
execution  of  uniting  by  a  canal,  two  basins  separated  by  a 
chain  of  mountains.  With  the  same  genius  with  which  he 
meditated  the  alliance  of  princes  for  the  happiness  of  nations ;  he 
meditate^  the  alliance  of  seas  for  the  prosperity  of  continents. 
But  his  assassination  stof^d  the  course  of  his  projects,  which 
vot.  II. — NO.  2.  25 
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traced  out  for  Europe  the  true  course  of  civilization  and  social 
prosperity.  Two  generations  of  great  men,  under  his  son  and 
his  grandson,  were  scarcely  sufficient  to  realize  the  least  pai*t 
of  his  designs.  But  those  admirable  works  undertaken  dur- 
ing his  reign  to  join  the  Seine  and  the  Loire ;  after  thirty 
years'  interruption,  were  at  length  completed,  under  Richelieu. 
This  minister  revealed  to  Europe  all  the  advantages  of  conced- 
ing to  the  citizens  the  government  and  execution  of  an  artificial 
navigation.  Colbert,  in  the  best  days  of  a  rei^n  which  is  in- 
debted to  him  for  so  much  splendour,  taught  the  people  how 
to  unite  the  ocean  to  the  Mediterranean,  by  patronizing  the 
zeal  and  giving  room  to  the  genius  of  a  private  individuaL* 
At  last  Louis  XIV.  introduced  a  system  of  legislation  for  these 
works,  by  referring  all  differences  which  might  arise  from 
private  rights  affected  by  a  proposed  work  to  a  jury  of  the 
principal  inhabitants ;  and  an  hundred  years  after,  England 
acknowledged  the  wisdon  of  his  laws,  by  following  his  steps : 
and  shall  not  we,  my  countrymen,  follow  the  example  oe- 
queathed  to  posterity  by  the  fine  reigns  of  Henry  iV.  and 
Louis  XIV.  ?  Shall  we  permit  the  stranger  to  enjoy  more  than 
ourselves  by  a  prosperity  invented  by  our  ancesters  7  Let  us 
not  hesitate  to  follow  the  path  of  our  hereditary  glory." 

The  author  paid  particular  attention  to  every  thing  con- 
nected with  thd  system  of  transportation ;  amongst  which,  the 
firm  and  even  roads  and  the  airy  and  spacious  streets,  which 
are  now  built  in  England,  excited  a  large  share  of  his  regard* 
From  the  following  severe  hit  at  the  Parissians,  we  can  judfi;e, 
in  some  degree,  how  the  genius  of  improvement  works  in  that 
capital.  ^^  I  must  declare  plainly,  that  in  the  new  streets 
building  in  Paris,  the  undertakers  show  not  the  least  intelli- 
gence of  the  proportions  which  belong  to  the  public  places  of 
a  gceat  capital.  Men  of  elevated  ideas  blush  for  these  spec- 
ulators, in  seeing,  that  for  the  purpose  of  making  the  interior 
of  their  houses  a  little  larger,  instead  of  giving  them  a  great 
value,  by  building  them  on  streets  where  their  dimensions 
would  show  to  full  advantage,  they  prefer  building  little  courts 
{Rouelles)  where  the  air  and  light  seem  to  penetrate  witli^ 
regret  and  by  charity.  It  is  the  duty  of  the  local  administra- 
tion of  Paris,  to  form  less  restricted  views,  and  to  prevent 
speculators  from  disfiguring,  by  their  stupid  and  sordid  system, 
a  city  rendered  worthy,  by  its  public  monuments,  to  be  plac- 
ed amongst  the  finest  cities  of  the  world.'^ 


^  Riquet,  8o  well  secondeil  by  the  experience  end  talents  of  Andrfeossy, 
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H6  has  gone  at  length  into  the  several  systems  of  road- 
making  in  England.  Let  us  follow  some  of  his  details.  It 
seems  that  the  English  are  abandoning  the  plan  of  raising  the 
middle  of  their  roads  much  above  the  sides,  which  was  for* 
merly  common.  This  method  was  once  thought  very  useful 
for  preventing  the  water  from  softening  the  roads,  by  standing 
upon  them :  but,  after  a  little  more  experience  and  reflection, 
it  has  been  found  that,  on  the  convex  roads,  every  carriage 
takes  the  highest  part,  which  brings  all  the  wear  upon  the 
same  lines  and  in  a  very  short  time  deep  ruts  are  formed, 
which  will  hold  the  water,  however  convex  the  road  may  be : 
these  ruts  are  filled  with  water  by  the  least  rain,  which  assists 
in  increasing  them.  The  opinion  of  Mr  Edgeworth  seems 
now  to  prevail,  that  it  is  not  necessary  to  give  a  new  road 
more  convexity  than  shall  insure  it  from  becoming  concave, 
up  to  the  time  when  it  will  require  a  covering  of  new  materials. 

Dupin  is  no  admirer  of  roads  exactly  straight,  which  give* 
one  the  constant  view  of  the  end  of  his  journe  v,  the  identical 
and  wearisome  sight  of  which,  is  a  greater  evil  than  the  little 
additional  distance  arising  from  small  and  gentle  windings ; 
and  he  accedes  to  the  opinion,  that  small  deviations  from  the 
horizontal  line,  in  the  course  of  a  road,  are  less  fatii:;ning,  to 
horses  and  foot  passengers,  than  a  perfectly  level  way.  He 
takes  two  degrees,  however,  as  the  maximum  of  ii^.clination  > 
which  should  be  suffered  in  any  road.  This  was  the  limit 
prescribed  by  Mr  Telford  in  his  improvements  of  the  roads 
from' London  to  Holyhead,  and  it  gives  an  ascent  of  about  one 
thirtieth  to  each  unit  of  length. 

The  great  principle  which  is  so  necessary  to  follow  for 
making  a  sohd  and  nard  road,  seems  to  be,  to  suffer  no  clay 
or  fine  dirt  to  be  mixed  with  the  stony  materials  of  which  it 
is  formed.  The  method  employed  to  separate  them,  when 
they  are  found  in  the  same  bed,  is  by  washing,  or  passing  them 
over  the  hurdle  or  scive.  Dupin  declares  that  it  is  sufficientl v 
proved,  that,  following  this  rule,  the  worst  kinds  of  gravel  will 
make  a  solid  road.  He  says  the  perfection  o£  the  English 
roads  is  not  to  be  attributed  to  the  superiority  of  die  materials, 
for  these  are  of  almost  every  kind ;  differing  in  the  different 
counties,  thus  in  Essex,  Sussex,  Shropshire  and  Staffordshire, 
they  use  large  flints  mixed  with  sana :  while  in  Sommerset, 
Gloucester,  and  Wiltshires,  the  roads  are  made  of  limestone, 
which,  although  not  hard,  nor  durable,  produces,  when  properly 
prepared,  a  solid  and  uniform  road,  and  has  the  excellent 
quality  of  becoming  firm  sooner  than  any  other  material. 
There  caiv  be  no  qucstio^^  he  says,  as  to  the  certaintly  of 
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making  a  good  road,  of  any  kind  of  gravel  or  stones,  if  they 
are  properly  broken  and  spread,  although  the  greater  dura- 
bility of  some  of  them,  renders  them  preferable  in  the  economy 
of  road  makine. 

The  method  of  forming  roads  wholly  of  stones  broken  to  a 
uniform  size,  which  has  been  reduced  to  a  system  and  exten- 
sively practised  by  Mr  McAdam,  is  described  by  Dupin.  His 
opinion  of  the  superiority  of  this  system  may  give  confidence  to 
those  who  doubt  the  propriety  of  adopting  it  in  this  country  \ 
we  shall  therefore  translate  his  description  of  it. 

"  The  system  employed  by  Mr  McAdam  first  near  Bristol, 
then  in  the  neighbouring  counties,  and  afterwards  in  all  parts 
of  England,  has  completely  succeeded.  The  roads  construct- 
ed on  this  system  have  been  considered  so  superior,  that  the 
name  of  their  author  has  been  given  to  the  act  of  their  alter- 
ation. In  the  environs  of  Bristol,  to  macadamize  a  road,  is  to 
form  it  after  the  method  of  Mr  McAdam,  and  give  it  qualities 
of  superiority  altogether  new.  Cannot  we  macadamize  a  little, 
the  roads  of  almost  the  whole  of  France  ?  Mr  McAdam  breaks 
into  small  pieces  the  stones  with  which  he  intends  to  construct 
or  repair  tne  roads.  This  operation  fe  performed  bv  women 
and  children,  who  sit  while  they  work,  breaking  tne  stones 
with  light  hammers.  He  permits  no  stones  to  pass,  measur- 
ing more  than  four  cubic  inches,  if  taken  by  their  vofame,  or 
weighing  more  than  six  ounces,  if  taken  by  their  we^ht.* 
To  follow  this  rule  the  labourers  are  furnished  with  iron  rinffs, 
such  as  are  used  by  artillerists  to  determine  the  size  of  balls. 
They  reject  every  fragment  which  will  not  pass  through  the 
ring.  Besides  this  instrument,  Mr  McAdam  makes  tne  in- 
spectors carry  a  balance,  with  a  weight  of  six  ounces,  to 
weigh  two  or  three  of  the  largest  fragments  in  each  heap  of 
broken  stones,  to  assure  themselves  that  no  fragment  exceeds 
the  weight  fixed  for  a  limit. 

"  To  construct  a  road,  says  the  author  of  the  system  which 
we  describe,  a  bed  of  ten  inches  in  thickness  composed  of 
solid  materials  is  sufficient.  This  will  support  every  kind  of 
load,  whether  the  soil  on  which  it  is  laid  is  finn  or  not.  Mr 
McAdam  even  prefers  a  soil  cont?iiiiing  a  mixture  of  hard  and 
soft  materials,  to  one  that  is  entirely  hard.    He  remarks  that  on 


*  In  Dupin's  work  the  volume  is  stated  f^  rentimitrts,  cvbu  ancl  tile 
weight  17 /ker/ogramm»;  numbers  which  are  evidently  wron^j  we  have 
therefore  taken  the  manimnm  weight  given  by  Mr  McAdam  at  his  examina* 
tioD  before  the  committee  of  the  House  of  Commons,  and  the  volume  de- 
duced from  that  weight 
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the  {brmer,  the  roads  w^ar  less,  because,  reposing  on  an  clastic 
bed,  which  yields  under  too  strong  impressions,  and  softens 
over  violent  shocks.  It  is  thus  that  an  anvil  fixed  to  a  small 
piece  of  wood,  will  last  longer  than  if  fixed  over  a  stone.  We 
may  cite  a  very  remarkable  example  of  such  a  difference. 
The  road  from  nridgewater  to  Cross  is  for  the  most  part  con- 
structed over  a  marsh  so  moveable  that  one  may  see  on  each 
side  of  the  road,  when  a  coach  passing  ovtr  it,  the  water 
tremble  in  the  ditches.  After  a  slight  frost  the  vibration  of 
the  water  produced  by  the  movement  of  the  carriage  is  so» 
CTeat  as  to  break  the  ice  which  had  formed  on  the  water  in* 
tne  ditches.  At  the  end  of  that  part  of  the  road  which  is 
made  over  this  fen,  commences  another  part  on  a  limestone 
bottom :  now  the  expense  of  repairs  on  the  fii*st,  is  to  that  of 
the  second,  as  five,  to  seven. 

"  Even  in  establishing  roads  over  a  bog,  Mr  McAdam  will  not 
use  any  fragments  of  stone  that  weigh  more  than  six  ounces^ 
nor  does  he  make  his  road  any  thicker:  he  declares  that  the 
stones  will  not  sink  into  the  sou  earth,  because  the  elements  of 
the  Foad  assume  such  a  juxtaposition,  as  to  form  one  compact 
and  solid  mass,  which  has  no  more  tendency  to  sink^n  one  part 
than  in  another.  The  thickness  of  the  bed  of  materials  that 
he  has  employed  has  varied  only  from  seven  to  ten  inches.  Ac- 
cording to  this  engineer  five  tons  of  broken  stones,  thrown 
thus  over  a  morass,  will  produce  as  good  a  road  as  seven  tons 
put  on  a  hard  bottom.  It  is  unfortunate  that  experience,  far 
from  confirming  this  specious  theory,  has  demonstrated  that 
it  is  erroneous. 

"  The  most  skilful  engineers,  however,  have  adopted  the 
general  method  of  Mr  McAdam,  but  they  do  not  join  him  in 
the  opinion  that  it  is  not  necessary  to  establish  over  soft 
ground,  a  bed  of  large  stones  or  of  fascines  as  has  heretofore 
been  customary." 

It  appears  that  Mr  Telford  on  those  parts  of  the  Holyhead 
road  which  could  not  easily  be  supplied  with  hard  stone,  made 
a  disposition  of  the  materials  furnished  by  the  country,  which 
has  been  found  to  form  a  very  solid  road.  The  tollowing 
table  which  represents  a  cross  ration  of  the  road,  furnished  by 
Dupin,  indicates  the  materials  and  the  manner  of  dsing  tbem# 
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WHOLE  WIDTH  OF  THE  ROAD  THIRTY  FEET# 
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Clayey  soil  serviog  for  llie  bottom  of  the  road. 

Where  the  road  was  carried  over  soft  bottoms,  Mr  Telford 
laid  a  first  bed  of  stones  fairly  adjoining  each  other,  having 
their  largest  faces  downwards,  and  over  these  he  spread  such 
materials  as  the  country  afforded,  always  taking  care  howeyer 
to  free  them  from  any  admixture  of  clay. 

We  may  add  to  the  above,  a  description  of  an  admirable 
paved  wav,  from  our  author's  account  of  the  commei'cial  road. 
This  road  constitutes  the  great  thoroughfare  from  the  city  of 
London  to  thedoclgs;  and  it  is  calculated  by  Mr  Walker," the 
engineer  under  whose  direction  it  was  built,  that  the  loads 
which  pass  over  it  yearly  amount  to  250,000  tons.      The 

?avement8  of  which  it  is  formed  are  all  of  a  cubic  form, 
'hese  are  laid  in  uniform  ranges,  each  range  consisting  of 
stones  of  the  same  dimensions,  this  renders  them  more  firm, 
besides  giving  them  a  uniform  aspect.  When  they  are  driven 
any  stone  which  sinks  below  the  level  of  the  others  is  taken 
up  and  replaced  by  another.  Mr  Walker  found  it  very  ad- 
vantageous to  fill  up  the  joints  of  the  pavements  with  lime 
water  or  for  the  same  purpose,  to  mix  a  few  scales  or  chips 
of  iron  with  the  gravel.  This  in  a  short  time  settles  into  trie 
joints,  and  becoming  oxidated,  forms  with  the  gravel  a  sort  of 
stone,  which  adhering  to  the  pavements  renders  them  very 
firm* 

There,  are  according  to  our  author,  about  115,000  miles  of 
road  in  England,  including  paved  streets  and  turnpikes.  The 
expense  of  Keeping  these  roads  in  repair,  taking  the  mean  of 
three  years,  viz.  1812,  1813,  1814,  was  £1,415,883  stearling, 
which  is  £l  2  per  mile  yearly. 

With  the  increase  of  capital  and  of  population,  it  is  not 
unlikely  that  rail  ways  will  be  extensively  established  in  thk 
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country,  and  it  seems  only  to  require  a  few  successful  expe- 
riments, to  diffiise  a  knowledge  of  the  advantages  of  this  means 
of,  in  effect,  destroying  space,  before  we  reahze  the  benefits 
of  iu  Dupin  has  attentively  examined  these  works  in  England 
where  they  have  grown  up  within  a  few  years,  (since  1786)* 
The  rail  ways  used  in  England  are  of  two  kinds,  called  tram- 
ways or  plate  ways,  and  edge  ways.  The  tramways  consist 
of  straight  pieces  of  iron,  plane  on  the  surface,  with  a  flanch 
or  ledge  rising  on  one  side,  both  to  increase  the  Strength  of 
the  way,  and  to  direct  the  carriage.  The  edge  ways  on  the 
contrary  consist  of  deep  bars,  the  upper  edge  Being  rounded, 
and  to  this  is  adapted  a  groove  on  the  peripnery  of  the  wheels 
like  the  groove  of  a  pully.  Dupin  remarks,  that  the  former 
have  the  great  disadvantage  of  retaining  t^e  earth,  the  sand, 
or  even  the  ilinU  and  small  stones  which  may  fall  on  them ; 
thus  augmenting  considerably  the  resistance  to  the  passage  of 
the  wheels.  From  this  serious  evil  the  edge  ways  are  free. 
The  greatest  difficulty  in  the  execution  of  rafl  ways,  is  in  lay- 
ing them  in  a  manner  to  insure  the  preservation  of  the  direct 
line  first  given  to  them ;  to  effect  this  object  the  present  method 
is  to  lay  them  immediately  on  transverse  blocks  of  cast  iron. 

Our  author  says  that  on  a  perfectly  constructed  horizontal 
rail  way,  an  excellent  horse  can  draw  ten  tons,  and  he  cites 
an  instance,  at  the  city  of  Glasgow,  where  a  rail  way  is  used 
in  a  very  sloping  situation,  (degrees  not  stated,)  up  which  a 
good  horse  can  draw  three  tons ;  and  work  daily  drawing  up 
a  load  of  one  and  an  half  tons. 

M.  Dupin  has  gone  carefully  through  with  an  account  of  the 
canals,  harbours,  docks,  and  lighthouses  of  Great  Britain, 
and  given  a  description  of  several  of  the  finest  bridges ;  both 
those  constructed  with  arches,  and  those  of  suspension.  All 
these  are  illustrated  by  engravings  worthy  of  the  works  which 
they  represent.  We  take  from  his  account  of  bridges,  a  pop- 
ular description  of  Sunderland  bridge,  as  one  of  the  finest, 
although  not  one  of  the  latest,  works  of  its  kind. 

^  This  bridge  is  of  a  single  iron  arch  of  236  feet  span,  and 
98  feet  from  the  central  voussoir  to  the  level  of  the  sea 
(at  low  water).  Nothing  can  be  more  striking  than  the  view 
of  the  two  towns,  with  the  bridge  that  unites  them.  This 
majestic  arch,  sketched  as  it  were  in  the  heavens,  and  which 
permits  large  vessels  to  pass  under  its  vault  with  their  topsails 
spread ;  while  enormous  carriages  are  crossing  its  aerial  sunn- 
mit.  The  immense  number  of  vessels  taking  or  discharging 
cargoes  on  both  sides  ;  the  runnbg  of  the  water — the  various 
works  established  on  the  banks  of  the  river — the  rail  ways 
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which  conduct  to  the  landing  place  carriages  loaded  with  coal 
and  lime  stone ;  and  the  two  cities  which  crown  this  magnifi* 
cent  amphitheatre*  Such  a  picture  presents  the  most  extra- 
ordinary combinations  between  the  accidental  beauties  of 
nature,  and  the  works  of  an  ingenious  and  powerful  industry." 

In  closing  this  miscellaneons  paper,  we  may  notice  as 
amonest  the  greatest  faults  of  M.  Dupin,  his  ingenuity,  which 
furnishes  him  so  readily  with  sufficient  causes  for  every  event 
or  step  in  the  progress  of  improvement,  that  he  always  seems 
desirous  of  attributing  every  thing  that  happens,  to  some  deep 
design,  or  the  influence  of  some  peculiar  system;  which  indeed 
might  have  produced  it,  though  that  it  aqtually  has  done  so, 
we  can  never  be  perfectly  sure.  The  various  lights  in  which 
he  sees  any  position  that  he  fixes  upon,  and  the  profusion  of 
materials  which  he  can  command  for  its  defence,  often  prove 
^  source  of  weakness  lo  him,  or  rather  enables  one,  who  may 
have  the  disposition,  to  cross  his  purpose.  An  instance  of 
this  kind  is  furnished  in  our  first  quotation  from  his  work; 
where,  taking  it  as  a  fact  that  the  invention  of  ^n  powder  has 
rendered  war  less  sanguinary,  he  relates  the  circumstances  of 
ancient  and  modern  battles,  which  show  the  former  to  have 
been  more  destructive  than  the  latter ;  but,  pursuing  his  in- 
quiry into  the  general  policy  of  nations,  he  tells  us,  that  in 
proportion  as  battles  are  more  bloody,  wars  will  be  undertak- 
en with  more  unwillingness,  and  contending  nations  will* be 
more  ready  for  peace :  a  very  substantial  reason,  surely,  for 
preferring  the  ancient  and  more  destructive  weapons  and 
mode  of  warfare.  The  faults  of  his  work  are,  however,  trifles 
compared  with  its  merits ;  our  good  opinion  of  it  has  increased 
luring  the  preparation  of  this  paper.  We  should  hope,  were 
It  not  so'scarce  a  book,  that  many  of  our  readers  would  pro- 
cure it,  for  we  assure  them  that  if  they  have  found  our  short 
account  of  it  tedious;  they  will  not  find  the  original  work  so. 

In  turning  from  the  iron  and  stone  architecture  of  Europe, 
to  our  own  country,  we  connect  very  strongly  with  the  works 
creeled  here,  the  idea  of  decay  to  which  they  are  all  rapidly 
hastening.  Our  bridges  are  of  wood  and  our  houses  and  pub- 
lic edifices  contain  in  their  structure  so  much  of  the  same 
perishable  material,  that  they  hardly  outlive  the  generation 
that  rears  them.  Amongst  the  other  causes  which  have  con- 
tributed to  this  state  of  things,  the  want  of  capital  and  the  con- 
sequent high  rate  of  interest  has  been  one  of  considerable 
magnitude.  In  estimating  the  probable  yearly  expense  of 
mamtaining  any  projected  work,  whether  for  public  or  private 
convenience^  the  interest  of  the  capital  originally  invested  as 
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well  as  the  amount  of  wear  and  decay,  is  taken  into  the  ac- 
count and  such  materials  are  chosen  as  redcce  this  sum  of  ex- 
pense to  the  lowest  possible  degree  :  we  may  conclude  there- 
fore that  the  late  depreciation  of  the  rate  of  interest,  render- 
ing the  use  of  more  solid  materials  common,  will  aid  the  cause 
of  civil  architecture  in  the  United  States. 


dtntvnl  XntelUjirnre^ 

COMET  OF  1823. 

To  the  Editors  of  the  Boston  Journal. — I  observe  in  the  Boston 
Journal  of  June,  the  Elements  of  the  comet  of  1823,  by  several 
different  gentlemen.  They  agree  generally  with  those  com- 
municated by  me,  as  well  as  could  be  expecjLed,  considering 
the  means  I  possessed  for  making  observations*  The  place 
of  the  perihelion,  however,  appears  very  different  from  mine. 
As  but  few,  if  any,  will  understand  the  reason  of  this,  it  will 
generally  be  thought  that  I  have  committed  an  error,  unless 
it  is  explained. 

In  all  the.  elements  that  I  ever  saw  published  before  these 
last,  the  place  of  the  perihelion  on  the  orbit  has  been  given 
as  it  was  in  mine.  But  in  these  last  of  yours,  the  distance 
of  the  perihelion  from  the  node  is  given,  and  the  sign  —  be- 
fore it  to  show  that  it  is  back  or  west  of  the  node. 

The  elements  will  be  given  by  mine  so  as  to  correspond  with 
those,  if  from  302®  37'  41"  the  place  of  the  node,  we  subtract 
271°  39'  1 1"  the  place  of  perihelion  on  the  orbit.  This  gives 
—  30°  58'  30",  wnich  corresponds  pretty  nearly  with  those 
from  the  Philosophical  Magazine. 

I  am  &c. 
Waltham^  Aug.  19,  1824*  Warben  Colburn. 

Cktbinet  of  Minerals  at  Cambridge. — The  liberality  of  several 
gentlemen  of  Boston,  and  their  desire  to  promote  the  study  of 
Mineralogy  and  Geology  in  this  vicinity,  have  lately  been 
displayedin  the  purchase  of  an  extensive  and  valuable  collec- 
tion of  minerals,  which  they  have  presented  to  the  University 
at  Cambridge. 

*  This  collection  is  now  added  to  that  presented  by  Andrew 
Ritchie  Esq.  and  together  with  the  specimens  formerly  trans- 
mitted by  the  French  Government,  and  the  late  Dr  Lettsom 
with  the  additions  made  by  Dr  Waterhouse,  will  constitute  one 
of  the  most  complete  and  valuable  mineralogical  cabinets  in 
the  United  States. 
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The  collection  embraces  (with  the  exception  of  a  very  few 
of  the  rarest  substances)  all  the  late  discoveries,  and  many  of 
those  specimens,  the  localities  of  which  are  exhausted,  and 
many  of  which  are  now  rarely  met  with  even  in  the  large 
collections  of  Europe*  The  suite  of  Ores  is  peculiarly  rich, 
as  is  likewise  the  volcanic  department ;  and  the  gems  and 
precious  stones  are  numerous.  The  specimens  are  all  well 
characterised,  and  the  crystallizations  are  remarkably  fine. 
"  This  collection  is  arranged  in  the  spacious  room  formerly 
used  as  the  Commons  Hall,  being  45|  feet  in  length,  36| 
feet  wide,  and  17|  feet  high. 

The  specimens  are  placed  in  cases  with  glass  doors  against 
the  walls  of  the  room,  which  to  the  height  of  ten  feet  are 
completely  covered  by  them ;  a  large  proportion  of  the  most 
beautiful  specinlens  are  arranged  upon  eight  glazed  tables, 
ind  the  residue  in  nearly  200  drawers. 

One  of  the  tables  is  appropriated  to  the  external  charac- 
ters of  mineral  substances,  on  which  are  disposed  the  most 
distinctly  characterised  specimens,  illustrating  all  the  tech- 
nical terms  of  the  science,  the  different  varieties  of  colour,  of 
fracture,  lustre,  transparency,  hardness,  &c.  &c.  To  these 
succeed  the  most  perfect  crystals  illustrating  the  primary 
forms  of  Werner,  and  Haiiy,  the  modifications  of  these  forms, 
"and  the  effect  of  truncations,  bevelments,  &c.— A  suite  of  models 
of  crystals,  in  wood,  terminates  this  first  division  of  the  cabinet. 

The  second  division  is  the  systematic  arrangement  of  the 
different  substances  according  to  their  chemical  composition ; 
this  method  has  been  adopted  as  it  is  intended  to  combine  the 
instruction  in  chemistry  with  mineralogy. 

The  third  division  comprises  the  Geological  part  of  the  col- 
lection ;  in  this  the  rocks  are  arranged  in  the  relative  order 
in  which  they  are  presented  to  us  by  nature,  and  in  connexion 
with  each  are  seen  the  minerals  composing,  the  rock,  and 
those  which  are  more  or  less  accidentally  present  in  it, 
together  with  the  metallic  ones  and  fossil  remains. 

The  fourth  division  is  Geographical,  commencing  with  the 
mineral  productions  of  the  Unitea  States,  arranged  according 
to  States. 

The  last  division  is  intended  to  embrace  all  the  products  of 
the  Mineral  kingdom  employed  in  the  Arts  and  Manufactures, 
in  their  natural  state,  and  in  the  different  stages  of  preparation. 
This  department  is  one  of  peculiar  interest  and  importance  in 
this  country,  and  can  only  be  rendered  complete  by  the  libe- 
rality of  artists  and  hianufacturers,  who,  it  is  hoped,  will  not 
be  backward  to  transmit  to  the  University  such  specimens  as 


General  Intelligence.  "203 

will  best  illustrate  the  different  stages  of  all  the  processes 
connected  with  each  substance*  Thus  here  will  be  seen  the 
different  ores,  as  when  first  taken  from  the  earth,  and  the 
same  in.  all  the  decrees  of  purification  &c. — the  clays  in  all 
the  stages  of  manuracture — the  substances  used  in  colouring, 
in  the  manufacture  of  glass,  &c.  &c. 

Mineralogists  throughout  the  country,  it  is  hoped,  will  avail 
themselves  of  the  permission  granted  by  the  (Corporation  of 
the  University  to  exchange  duplicate  specimens* 


>^     Vice  Presidents. 


AlURICAN  OEOLOGICAL  SOCIETT. 

The  annual  meeting  of  this  society  was  held  at  New  Haven 
Sept.  8th*  The  following  gentlemen  were  elected  officers  for 
the  ensuing  year 

William  Maclure,  President. 

George  Gibbs, 
Benjamin  Silliman, 
Parker  Cleaveland, 
Robert  Hare, 
Robert  Gilmor,  Jun. 
Denison  Olmstead, 
Rev.  E.  Hitchcock, 
John  W.  Webster, 

Alfred  S.  Monson,  Recording  Secretary. 

J.  W.  Webster,  ^ 

Charles  Hooker,  >    Corresponding  Secretaries. 

John  Griscom,  j 

S.  J.  Andrews,     Curator. 

Prof.  A.  Goodrich,     Treasurer. 

Benjamin  Silliman,  ^ 

Robert  Hare,  f    Committee  ofNomi" 

George  Gibbs,  ^       nation. 

Parker  Cleaveland.  j 

Benjamin  Silliman,        ^    n        -as      ^r>.i. 
James  Pierce,  i    CommtUeofPub. 

J.W.Webster,  S 

The  following  gentlemen  were   elected  members  of  the 

Society. — Henry  Seybert,  Philadelphia ;  John  Griscom,  New 

York;   Dr  E.  Emmons,  Chester,  Mass ;    S.  J.  Andrews,  New 

Haven;    G.  T,  Bowen,  Phibdelphia;    Lieut.  H.  Webster, 
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U.  S.  Milit.  Acad.;    Dr  J,  Porter,  Plainfield,  Mass.;   Dr 
Edwip  James,  Philadelphia;    Dr  Samuel   Robinson,  Prov-  ' 
idence ;  Prof.  Jacob  Jn.  Kott,  Schenectady. 

FOK£:iGN. 

Samuel  Parkes,  Esq.  of  London. 

A  report  was  made  on  the  State  of  the  cabinet  of  the  Soci- 
ety, which  has  been  greatly  enriched  during  the  past  year  by 
the  liberal  contributions  of  many  of  the  members. 

Valuable  additions  to  the  library  and  cabinet  had  been 
also  made  by  its  munificent  President,  among  which  were  the 
late  work  of  M.  Beudant,  and  Greenough's  Geological  Map  of 
Endand. 

As  the  members  of  the  Society  reside  in  all  parts  pf 
the  United  States,  and  with  a  view  of  promoting  the  study  of 
the  Geology  of  this  part  of  our  country,  and  a  more  frequent 
intercourse  among  those  who  are  pursuing  it,  Dr  Webster  was 
appointed  a  committee  to  consult  the  members  in  the  vicinity 
of  Boston  on  the  expediency  of  holding  a  semiannual  meeting 
in  that  city  or  its  vicinity. 

Professor  Olmstead  cointnunicated  a  highly  interesting 
paper  on  the  Gold  of  North  Carolina,  illustrated  by  specimens. 

Perkins^  SteamrEn^ine. — The  Bibliotheqtu  Unwerselle  for 
March  1824,  contains  an  elaborate  paper  on  Mr  Perkins' 
Steam-Engine,  by  a  friend  of  Mr  Perkins,  which  was  carried 
to  Geneva,  and  communicated  to  the  editors,  by  Mr  Church, 
the  American  Consul,  who  had  made  a  voyage  to  London  for 
the  express  purpose  of  seeing  Mr  Perkins'  apparatus.  This 
paper  contains  the  most  complete  description  of  the  above 
engine  which  has  yet  appeared,  and  it  presents,  we  believe, 
the  first  attempt  to  explain  its  operation  on  philosophical 

{)rinciples.  We  have  been  anxious,  therefore,' more  particu- 
arly  on  the  latter  ground,  to  examine  it,  having  hitherto  look- 
ed in  vain  for  any  rational  account  of  Mr  Perkins'  plans,  or 
of  those  advantages  arising  from  them  which  have  been  so 
confidently  asserted  as  a  matter  of  fact,  but,  which  we  confess 
we  have  been  from  the  beginning  doubtful  of,*  from  what  is 
already  known  of  the  nature  and  principles  of  heat  and  of 
steam.     Having  read  the  paper,  however,  we  really  see  noth- 

*  In  connexion  with  this  declaration  we  refer  to  this  same  Edinbargh  Jonmal 
for  July  1823,  (see  Bos.  Joar.  vol.  1.  p.  287.)  where  a  full  account  of  Mr 
Perkins'  engine,  seemingly  written  by  one  of  the  Editors,  is  published,  ac- 
companied with  no  mean  or  equivocal  praise  of  Mr  Perkins  and  of  Ins  in* 
veotiOD.    (Eds.  B,  J.) 
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ing  advanced  in  it  which  tends  in  the  least  to  alter  the  opinr 
ions  we  had  previously  formed ;  and  those  who  expect  in  k 
any  reasons  to  satisfy  their  curiosity  or  belief,  will  .undoubt- 
edly be  disappointed.  In  place  of  that  clear  and  philosophical 
exposition  of  causes  and  effects  which  such  a  subject  demands, 
and  certainly  admits  of,  if  any  real  discovery  has  been  made, 
we  are  here  presented  with  such  a  mass  of  mere  theories  and 
assumptions,  together  with  such  fanciful  paradoxes,  and  down- 
right  absurdities,  as  we  believe  have  seldom  been  brought 
forward  in  the  shape  of  philosophy.  Instead  6{  proceeding 
with  a  plain  statement  of  experiments,  and  of  consequences 
deducible  from  them,  or  advancing  clearly  and  boldlv  forward 
from  principles  already  known,  to  some  great  ana  striking 
conclusion,  the  author  is  continually  halting  in  his  career,  and 
bewilders  himself  in  a  maze  of  obscure  and  unintellibiblc 
speculation,  ingeniously  contrived,  one  would  think,  to  puzzle 
himself  and  his  readers.  He  appears  to  entertain,  in  some 
respects  very  correct  views  on  the  nature  of  heat,  and  its  ex- 
pansive force;  but  he  has  taken  up  some  strange  notion 
regarding  its  power  of  compressing  a  confined  liquid,  such  as 
the  water  in  tne  generator,  and  of  forcing  or  squeezing  out  of 
it,  "  as  from  a  sponge,"  the  heat  which  it  contains.  This,  and 
several  other  notions  of  a  similar  kind,  seem  to  have  con- 
fused his  whole  ideas  of  the  subject  he  attempts  to  explain; 
so  that,  though  his  remarks  on  other  points  are,  in  many  res- 
pects, sensible  and  judicious,  yet  on  these  topics  he  appears 
incapable  of  reasoning  with  his  accustomed  accuracy  and 
vigour  of  judgment.  We  are  often  at  a  loss  to  know  what  he 
would  be  at ;  and  all  his  endeavours  to  prove  what  he  wishes 
to  demonstrate,  are  vain.  He  occasionally  proceeds  so  clear- 
ly and  methodically  with  his  principles,  that  you  are  pr^arcd 
for  some  important  consequences ;  instead,  of  which  you  are 
landed  in  some  ingenious  paradox, — some  palpable  inconsist- 
ency,— some  result  which  turns  out,  after  all,  mere  assertion 
or  assumption,  or  not  deducible  at  all  from  the  premises ;  or, 
lastly,  some  obvious  truth,  in  which  you  are  surprised  the 
author  can  discover  any  thing  new  or  important. 

Having  only  just  received  this  paper,  our  limits  do  not  per- 
mit us  to  enter  more  fully  into  the  particulars  of  it  in  the 
present  number.  We  shall  just  state,  therefore,  in  proof  of 
what  we  have  said,  one  or  two,  as  a  specimen  of  the  proposi- 
tions maintained  there.  1.  It  is  saia,  that,  in  the  generator, 
or  high-preasure  boiler,  the  heat  is  greatest  at  the  top,  and 
decreases  towards  the  bottom,  against  which  the  flame  and 
heat  of  the  furnace  are  chiefly  directed ;  so  that  while  the 
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temperature  of  the  upper  parts  of  the  boiler  is  at  400®,  that 
of  tne  lower  parts  next  the  fire  may,  in  extreme  cases,  be  so 
low  as  40**.  2.  Although  the  water  exposed  in  this  manner 
to  the  intense  heat  of  the  furnace,  remains  permanently  cold, 
yet,  if  any  crack  or  opening  should  take  place  in  the  bottom  of 
the  boiler  within  which  the  water  is  pressed  with  a  force  of 
at  least  400  lb.  on  the  inch,  yet  no  water  will  issue  at  the 
opening.  The  reason  assigned  for  this,  we  are  unable  to 
comprenend,  or  to  render  intelligible.  3.  It  is  proposed  to 
"pump  back  the  heat"  into  the  boiler,  after  it  has  done  its 
office  of  impelling  the  piston  in  the  cylinder ;  to  pump  it  back 
into  the  generator,  and  to  cause  it  in  this  way  to  act  again  and 
again  upon  the  piston ;  so  that,  in  this  manner,  the  author, 
in  the  fervour  of  his  imagination,  thinks  it  but  reasonable  to 
expect,  that  an  apparatus  of  this  kind  may  be  constructed, 
which,  when  once  sufficiently  heated,  will  continue  to  move 
for  ever,  and  to  drive  machinery  of  itself,  without  any  farther 
consumption  of  fuel.    On  looking  into  his  description  of  this 

Eart  of  the  apparatus,  we  find  the  plan  consists  merely  in 
eating  the  water  of  the  generator  by  the  waste  steam  from 
the  cyfinder, — a  plan  which  has  been  already  frequently  pro- 
posed, and  which  is  indeed  practised  to  a  certam  extent  in 
every  steam  engine  in  the  kingdom.*     {Edin.  PhiL  Jour.) 

Method  of  cleaning  Gold  Trinkets^  and  of  preserving  engraved 
Copperplates^ — The  method  used  by  artists  for  cleaning  gold 
trinkets  is  the  application  of  a  mixture  of  neutral  salt,  intend- 
ed to  disengage  nitric  acid,  with  the  assistance  of  heat. 
Dr  Mac  Culloch  recommends  instead,  to  boil  the  trinkets  in 
water  of  ammonia,  which  dissolves  the  metallic  copper  of  the 
alloy  to  a  certain  depth  on  the  surface,  so  that  ajQter  the  opera- 
tion the  metal  is  in  fact  gilded,  nothing  but  pure  gold  being 
visible.  In  this  process  the  waste  of  gold,  which  is  dissolved 
by  the  acid,  in  the  process  usually  employed,  is  avoided. 

Dr  Mac  Culloch  observes,  "  that  it  is  an  unaccountable 
omission  of  ahemists  not  to  have  observed  that  metallic  cop 
per  is  soluble  in  ammonia.  The  solution  takes  place  rapidly 
in  the  heat  at  which  the  water  of  ammonia  boils." 

Copper-plates  are  apt  to  be  injured  by  laying  by ;  a  thin 
coat  of  oxide  forms  on  the  surface,  which  is  rubbed  off  by  the 
hand  of  the  workman  in  the  first  inking,  when  the  plate  is 


*  In  justice  to  Mr  Perkins,  our  readers  will  bear  in  mind  that  he  is  not 
answerable  for  all  the  absurdities  which  are  published,  in  various  forms,  in 
the  accounts  of  his  engine,  by  people  who  are  ready  to  admire  whatever  they 
do  not  understand.    [Eds.  B.  J.] 
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again  called  into  use ;  and  by  repetition  of  the  formation  of 
oxide,  and  its  removal,  the  fine  lines  on  the  plate  are  soon  in« 
jured,  and  ultimately  obliterated.  Dr  Mac  Culloch  recom- 
mends the  application  of  common  spirit  varnish  to  the  surface 
when  the  plate  is  laid  by ;  it  is  easily  applied,  and  can  be 
removed  when  required  by  spirit  of  wine. — {Edin.  Jour,  of 
Science.) 

Mount  Rosa  the  highest  in  Europe. — ^Dr  Brewster  has  pub- 
lished, in  his  new  "  Edinburgh  Journal  of  Science,"  from  the 
Memoirs  of  the  Royal  Academy  of  Turin,  a  translation  of  an 
account  of  the  first  ascent  of  the  southern  summit  of  Mount 
Rosa,  by  MM.  Zumstein  and  Vincent.  Having  determin- 
ed, by  means  of  the  barometer,  that  the  elevation  of  the 
southern  summit,  which  they  had  gained  for  the  first  time,  was 
13,920  Paris  or  14,83664  English  feet  above  the  level  of  the 
sea,  they  ascertained,  by  a  ti*ieonometrical  measurement  thence 
made,  that  the  elevation  of  the  highest  summit  of  the  moun- 
tain was  1680  Paris  feet  above  it,  or  15,600  (16,6264  English) 
above  the  level  of  the  sea.  Thus  Mount  Rosa  is  in  reality 
the  highest  in  Europe ;  the  height  of  Mont  Blanc,  according 
to  Prof.  Tralles,  being  only  14,793  Paris  or  15,7084  English 
feet.    {Phihs.  Mag.) 

New  Vesuvian  Minerals. — MM.  Monticelli  and  Corelli  men- 
tion the  following  minerals  as  having  been  sent  forth  to 
the  surface  of  the  earth  during  the  eruptipn  of  Vesuvius  in 
October  1822.  1.  Two  small  pieces  of  lapis  lazuli  found  in  the 
red  sand  sent  forth  on  the  24th  of  October.     2.  Several  vari- 
eties of  quartz,  resinous  quartz,  and  its  passages  into  a  lava 
composed  of  amphigene  and  pyroxene.     3.  W  hite  and  green 
phosphate  of  lime  in  fine  hexaedral  prisms  and  acicular  crys- 
tals.    4.  Perfect  cubes  of  melilite  much  larger  than  those  of 
Capo  di  Bove.    The  two  latter  species  were  found  in  a  cur- 
rent on  the  sides  of  Monte  Somma  above  Pollena.     5.  Gehle- 
nite  resembling  that  of  Tassa.     6.  Specular  iron  in  brilliant 
plates  above  an  inch  wide.     7.  Oxide  of  iron  in  octaedrons, 
above  half  an  inch  in  diameter;  the  same  also  in  mammelated 
or  fused  masses.     8.  Antimonial  iron.     9.  Glass  of  antimony 
apparantly  containing  a  small  quantity  of  osmium.   {BU).  Uiiiv.) 
Seal  and  Walrus. — Sir  E.  Home,  in  a  paper  read  before  the 
Royal  Society  of  London,  mentions  several  facts  he  has  dis- 
covered in  regard  to  the  walrus  and  seal. — ^The  first  discovery 
was,  that  the  walrus  is  provided  with  means  similar  to' those 
of  the  fly,  which  enable  it  to  walk  in  an  inverted  position. 
The  structure  of  the  foot  of  the  fly  is  described  in  the  Philo- 
sophical Transactions  for  1816;  and  on  seeing  a  mutilated 
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foot  of  the  walrus,  Sir  Everard  was  struck' with  their  mutual 
resemblance,  and  requested  Captain  Sabine,  who  was  about 
to  visit  the  Arctic  regions,  to  bring  him  a  specimen,  which, 
with  the  aid  of  the  assistant-surgeon  of  the  ship,  he  accom- 
plished. On  examination,  the  hmd-foot  was  found  provided 
with  a  hollow  spaqe,  which  enabled  the  animal  to  produce  a 
vacuum  when  it  was  placed  on  any  surface ;  the  foot  was 
provided  with  two  toes,  which  enables  the  creature  to  form  a 
more  perfect  vacuum,  by  bringing  the  parts  in  closer  contact 
with  the  surface  on  which  the  foot  is  placed,  and  which  also 
admit  the  air  on  their  being  raised.  In  describing  the  foot  of 
the  fly,  similar  points  or  toes  were  observed,  but  it  was  not  un- 
til an  opportunity  occurred  of  reexamining  the  same  or^ns 
in  a  larger  creature,  that  their  use  was  fully  developed.  The 
foot  of  the  walrus  r^auired  diminishing  four  times  to  exhibit 
it  in  a  quarto  plate,  wnereas  that  of  the  fly  required  magnify- 
ing  100  times  to  render  it  distinctly  visible. — ^The  second  fact 
relates  to  the  internal  formation  of  the  same  animal.  A  reser- 
voir of  a  cylindrical  form,  the  coats  of  which  are  covered 
with  a  thick  mucus,  receives  the  bile  by  a  lateral  commimica- 
tion,  and  it  then  propels  it  into  the  duodenum.  From  the 
wndth  of  the  oesophagus  large  masses  of  food  can  be  swallow- 
ed ;  the  animal  possesses  the  power  of  regurgitation ;  the  open- 
ing of  the  pylorus  is  comparatively  small,  and  is  valvular,  by 
which  the  contents  of  the  stomach  are  prevented  from  passing 
into  the  duodenum.  These  parts,  and  many  of  the  external 
organs,  are  of  a  similar  structure  to  that  of  the  seal.  Mr  Fors- 
ter  states  the  food  of  the  walrus  to  be  tUe  Fucus  digitatus^ 
which  is  found  on  the  artic  shores,  and  also  under  tne  ice. 
The  third  jsubjcct  of  remark  was  the  funis  and  placenta  of  the 
seal.  The  vessels  of  which  the  funis  is  composed,  are  about 
nine  inches  long,  and  are  not  twisted ;  and  they  anastomose  at 
about  three  inches  distance  from  the  placenta,  which  is  con- 
nected with  them  by  three  membranous  coats  :  this  conform- 
ation admits  of  great  freedom  in  the  fotal  circulation.  (Edin. 
PhiL  Jour.) 

Obituary.  The  friends  of  science  will  learn  with  deep  re- 
gret the  death  of  the  Rev.  Mr  Conybeare,  the  learned  author 
of  the  "  Outlines  of  the  Geology  of  England  and  Wales."  Mr 
Conybeare  was  on  his  return  from  Oxford  in  the  latter  pail  of 
June,  where  he  had  just  delivered  the  Bampton  lecture,  when  a 
stroke  of  apoplexy  deprived  the  scientific  community  of  a 
man  esteemed  for  every  talent  and  every  virtue  that  can  en- 
noble the  human  character. 
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Art.  XXIIL — Jt  popular  View  of  Mr  Barlow's  Magnetical 
Experiments  and  Discoveries^  particularly  as  they  have  been 
rendered  applicable  to  the  Correction  of  the  Local  Atlraction 
of  Vessels*     [Udtn.  Philos*  Jcmr.] 

SEVERAt  detached  notices  of  Mr  Barlow's  experiments  and 
results,  have  been  given  in  some  of  the  preceding  volumes  of 
this  Journal ;  hut  the  great  importance  of  them  to  nautical 
science,  has  been  lately  so  strikingly  demonstrated  by  a  Re- 
port of  the  Author's,  addressed  to  the  Admiralty,  detailing  a 
series  of  experiments  made,  by  order  of  that  board,  in  his 
Majesty's  vessels  in  various  parts  of  the  globe,  that  they  now 
possess  a  new  and  more  general  interest ;  and  we  feel  assur- 
ed, that  a  connected  and  popular  view  of  the  whole  subject 
will  be  acceptable  to  our  readers  in  every  part  of  Europe. 

Of  the  numerous  interesting  facts  with  which  philosophy 
has  been  from  time  to  time  enriched,  by  far  (he  greater  num- 
ber may  be  traced  to  some  fortuitous  or  accidental  ci^clim- 
stance;  and  it  belongs  perhaps  almost  exclusively  to  the 
nineteenth  century,  to  boast  of  some  valuable  discoveries, 
which,  independent  of  chance,  have  resulted  from  scientific 
investigations  and  experiments  directed  to  a  specific  object ; 
Of  these,  the  safety-lamp  of  Sir  H.  Davy,  and  his  present 
ctemico-electric  guard  to  the  copper  of  vessels,  and  the  cor^ 
reeling  plate  of  Professor  Barlow,  form  memorable  examples ; 
and  in  all  these  cases,  the  value  of  the  discovery  is  only 
equalled  by  the  extreme  simplicity  of  the  application. 
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It  is  now  at  least  600  years  since  the  compass  beean  to  be 
employed  as  a  nautical  instrument ;  and  yet  it  is  ^only  within 
a  snort  period,  that  an  imperfection  has  been  discovered  m  it, 
which  detracts  much  from  its  real  value  for  such  a  purpose, 
namely,  that  the  needle  does  not  continue  to  point  in  tne  same 
direction,  with  the  ship's  head  at  different  points,  the  differ^ 
ence  in  some  cases  bein^  so  great  as  to  lead  to  the  most  fear- 
ful errors  and  uncertainties.  The  general  nature  of  this  effect 
will  be  understood,  by  considering,  that  the  upper  parts  of  all 
iron  bodies  attract  that  end  of  .the  needle,  which,  when  freely 
suspended,  dips  below  the  horizon,  that  is,  the  north  end  in 
the  northern,  and  the  south  end  in  the  southern,  hemisphere. 
Now,  as  in  vessels  of  all  kinds,  the  iron  which  enters  into  their 
construction  or  equipment  is  nearly  symmetrically  disposed 
with  respect  to  the  axis,  or  longitudinal  section,  of  the  ship, 
when  this  axis  is  in  the  magnetic  meridian  of  any  place,  the 
action  of  the  iron  is  either  coincident  with,  or  directly  opposed 
to,  the  magnetic  action  of  the  earth,  and  in  either  case  the 
lateral  direction  of  the  needle  is  not  disturbed :  but  when  the 
ship's  head  is  on  an^  other  point,  and  particularly  towards 
the  east  or  west,  the  two  forces  acting  on  the  needle  being 
nearly  al  right-angles  to  each  other,  the  latter  is  drawn  more 
or  less  out  of  its  natural  position,  according  to  the  direction  of 
the  resultant  of  these  two  forces ;  and  the  consequence  ^f  this 
is,  that  the  course  shown  on  shipboard  by  the  compass,  differs 
from  the  actual  course  of  the  vessel,  by  a  quantity  equal  to 
the  whole  of  this  disturbing  force,  and  which,  in  some  cases, 
as  we  shall  see,  amounts  to  two  or  three  points  of  the  compass, 
that  is,  to  20°,  30°  or  40°,  but  varying  with  every  position  of 
the  ship's  head,  and  with  every  change  of  terrestrial  situation, 
from  one  pole  of  the  earth  to  the  other,  and  according  to  laws 
which  till  the  present  time  seemed  to  bid  defiance  to  every  at- 
tempt made  to  u.nravel  them*  We  have  said,  that  it  is  only  with- 
in a^hort  period  that  this  disturbing  power  has  been  observ- 
ecf;  but  it  should  be  stated,  that  some  obscure  notices  of  suck 
an  effect  are  slightly  alluded  to  by  navigators  of  anterior 
date,  as  for  example  by  Dampier,  by  Cook,  and  one  or  two 
French  navigators.  U  does  not  however  appear,  that,  in  these 
instances,  any  thing  more  than  the  mere  fact  Ls  stated,  with- 
out any  idea  being  thrown  out  respecthig  the  cause,  and  much 
less  of  any  remedy  for  the  anomaly  in  question.  The  cause 
is,  we  believe,  first  distinctly  noticed  by  Mr  Downie,  Master 
of  His  Majesty's  ship  Glory,  ip  his  report  to  the  Admiralty, 
published  in  Walker's  Treatise  on  Magnetism,  in  the  year 
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1 794.  This  experienced  officer  s^ys,  ^^  I  am  conviDced  that 
the  qoaDtity  ana  vicinity  of  iron  in  most  ships,  has  an  effect 
ID  attracting  the  needle ;  for  it  is  found  by  experience,  that  it 
will  not  point  in  the  same  direction  when  placed  in  different 
parts  of  a  ship :  also  it  is  rarely  found  that  two  ships  steering 
the  same  course  by  their  respective  compasses,  will  go  exact* 
ly  parallel  to  eacn  other ;  yet  these  compasses,  when  com- 
pared on  board  the  same  ship,  will  agree  exactly." 

A  few  years  after  this,  the  action  of  the  iron  of  the  vessel 
was  more  minutely  noticed  by  Capt.  Flinders,  who  was  the 
first  to  trace  its  connexion  with  the  dip  of  the  needle,  and  to 
point  out  that  the  effect  was  different  in  quality  on  the  con« 
trary  sides  of  the  magnetic  equator,  and  increasmg  in  quanti- 
ty as  the  dip  in  either  hemisphere  increased :  and  by  him  the 
subject  was  Drought  under  the  notice  of  the  Admiralty  Board, 
who  ordered  experiments  to  be  made  in  different  ships,  in 
order  to  ascertam  the  general  amount  of  the  error  thus  pro- 
duced. The  inquiry  was,  however,  again  lost  sight  of,  till 
Mr  Bain  published  his  valuable  treatise  on  the  ^  Variations 
of  the  Compass,*^  in  which  the  fatal  consequences  attending 
this  source  6f  error,  are  put  in  so  clear  a  point  of  view,  as  to 
strike  the  most  indifferent  and  uMnformed  readers ;  and  what- 
ever advances  have  since  been  made  towards  correction,  the 
nautical  profession  will  owe  inuch  of  it  to  observations  con- 
tained in  this  useful  work.  It  happened,  that,  at  this  time, 
our  arctic  expeditions  were  in  contemplation ;  and  the  local 
attraction  of  tne  vessels  in  those  seas  was  one  of  the  objects 
to  which  the  attention  of  the  officers  was  particularly  directed. 
The  results  of  the  experiments  made  in  these  instances,  are 
given  by  Captains  Ross  and  Parry,  in  the  accounts  of  their 
respective  voyages ;  and  the  amount  of  the  disturbing  force 
was  found  to  be  such,  as  to  call  for  some  prompt  and  efficient 
remedy,  the  difference  of  the  bearing  of  an  object  having  been 
found  by  Captain  Sabine  to  be  at  least  50%  merely  from  a 
change  of  position  of  the  ship's  head  from  east  to  west. 

When  the  great  amount  of  this  error  is  thus  pointed  out, 
it  will  seem  extraordinary  that  it  should  have  remained  so  long 
unnoticed.  It  may,  thereibre,  be  proper  to  observe,  in  justice  to 
the  memory  of  the  many  excellent  navigators,  whose  names  and 
discoveries  now  only  live  in  history,  that  this  effect  was  much 
less  formerly  than  it  is  at  present,  in  proportion  as  the  quan- 
tity of  iron  used  in  the  construction  and  equipment  of  vessels 
was  less  than  at  this  time.  It  is  only  within  a  few  years  that 
pig-iron  has  been  employed  for  ballast,  the  weight  of  which. 
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in  some  vessels,  exceeds  three  hundred  ions  ;  an  immense  sor^ 
face  of  iron  is  also  introduced,  by  the  admirable  invention  of 
iron-tanks,  to  supply  the  place  of  the  old  water-casks.  More- 
over, the  knees,  sleepers,  and,  in  some  cases,  even  the  rideri 
are  now  of  iron ;  hempen  cs^bles  have  been  supplanted  by 
those  of  iron  ;  and  some  attempt  has  •been  recently  made  to 
employ  gun-carriages  of  the  same  material. .  But  of  all  inno- 
vations of  this  kind,  the  patent  capstan  by  Captain  Phillips, 
a  highly  valuable  construction,  has,  perhaps,  from  its  form 
and  situation,  the  greatest  effect  on  the  compass:  indeed,  its 
action  is  so  powerful,  as  will  be  seen  as  we  proceed,  that, 
without  the  means  afforded  by  Mr  Barlow's  correcting  plate, 
it  must  of  necessity  have  been  prohibited  in  all  vessels  of  a 
smaller  class  than  frigates.  In  the  Griper,  for  example,  the 
local  attraction  was  14^  at  east  and  west,  making  an  extreme 
difference  in  the  river  Thames  of  28^,  which  was  reduced  to 
about  le*'  bv  the  removal  of  the  capstan. 

Having  thus  made  our  readers  acquainted  with  the  nature 
of  the  errors  which  nautical  men  had  presented  for  philo- 
sophical investigation,  let  us  follow  Mr  Barlow  in  the  experi- 
ments he  undertook,  with  a  view  to  discovering  some  means 
of  correction.  It  should  be  observed,  that,  at  the  time  of 
which  we  are  speaking,  little  or  nothing  was  known  of  the 
mathematical  laws  of  magnetic  attraction.  It  had  been  as- 
certained, that,  while  a  compass-needle  was  placed  near  the 
upper  end  of  a  bar  of  iron,  the  north  end  was  drawn  towards 
the  bar,  and  that,  near  the  bottom,  the  south  end  of  the  nee- 
dle was  attracted :  and  it  consequently  followed,  that  there 
must  be  some  intermediate  point,  in  which  the  effect  of  both 
ends  was  neutralized.  It  was  also  known,  that  a  large  mass  of 
iron  attracted  more  powerfully  than  a  smaller  mass ;  and  that 
the  effect  was  greater,  as  the  distance  between  the  iron  and 
compass  was  less:  and  amongst  other  ratios  it  had  been  sta- 
ted, that  the  power  varied  inversely  as  the  cube  of  the  dis- 
tance; but  still,  no  explicit  and  connected  laws  had  been 
established :  this,  therefore,  was  the  first  object  of  the  author. 
With  this  view,  he  procured  a  solid  iron  ball,  thirteen  inches 
in  diameter :  and  placing  his  compass  above  this,  he  found, 
as  in  the  case  of  the  bar,  that  the  north  end  of  the  needle  was 
attracted  by  the  ball ;  that,  when  it  was  placed  below  it,  the 
south  end  was  attracted  ;  and  that,  by  causing  his  needle  to 
descend  in  any  vertical,  it  always  passed  through  a  point 
where  the  iron  had  no  effect  upon  it.  The  question  then 
occurred,  Are  all  these  points  of  no  action  io  the  same  plane  ? 
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And,  if  so,  is  that  plane  parallel  or  oblique  to  the  horizon? 
A  series  of  experiments  directed  to  this  inquiry  demonstratedi 
that  the  points  were  all  in  the  same  plane ;  and  that  this  plane 
formed  with  the  horizon  an  angle  equal  to  the  complement  of 
the  dip,  descending  from  the  north  towards  the  south.  That 
this  ought  to  be  the  case  when  the  needle  had  its  natural 
dipping  |x>silion,  might  easily  have  been  foreseen ;  because, 
then,  the  iron  would  be  symmetrically  situated  with  respect 
to  the  two  poles  of  the  needle ;  but  that  it  should  still  be  the 
same  with  the  horizontal  needle,  was  a  fact  as  novel  to  the 
author,  as  it  was  important  in  all  his  subsequent  pursuits. 
Having  traced  this  circle  on  his  iron-ball,  and  assuming  the 
direction  of  the  dipping  needle  as  a  principal  axis  to  the  same, 
its  extremities  forming  the  poles,  he  was  immediately  in  pos- 
session of  an  ideal  magnetic  sphere,  by  which  to  indicate  the 
relative  position  of  the  iron  and  compass  in  all  his  future  in- 
quiries )  and  to  this  happy  idea  he  is  doubtless  indebted  for 
the  remarkable  success  with  which  his  experiments  have  been 
attended. 

The  nature  and  properties  of  this  ideal  sphere,  and  the  fa- 
cilities it  affords  in  all  magnetical  computations,  will  be  more 
readily  comprehended  by  referring  to  Fig.  1.  PI.  II.,  in  which 
O  is  supposed  to  represent  an  iron-ball,  and  AAA  a  suppositi- 
tious sphere  circumscribing  it,  and  within  which  its  influence 
is  active ;  SCNQ'  being  the  magnetic  meridian.  The  line  N5 
in  the  plane  SENW,  denotes  the  natural  direction  of  the  dip- 
ping-needle in  these  latitudes  where  its  inclination  to  the  hori- 
zon is  about  7C®.  Now,  conceiving  QEQ'W  to  represent  a 
circle  or  plane  passing  through  the  centre  of  the  ball,  and 
perpendicular  to  the  axis  NS,  it  will  be  the  plane  of  no  attrao 
iion  or  the  magnetic  equator ;  which,  as  we  have  seen,  has  this 
remarkable  property,  that  if  lines  be  drawn  in  it,  (as  for  exam- 
ple, the  lines  OC,  OC,  OC,  &c.),  and  a  compass  be  placed 
any  where  in  those  lines,  or,  in  short,  in  any  point  of  the  plane 
QEQ'W,  it  will  be  uninfluenced  by  the  iron-ball,  and  preserve, 
its  natural  magnetic  direction.  But,  as  soon  as  the  compass 
is  removed  out  of  this  plane,  the  needle  is  found  to  deviate 
from  its  original  hearing ;  its  south  end  being  drawn  towards 
the  ball,  when  the  needle  is  below  the  plane,  and  its  north 
end  when  it  is  above  5  and  in  every  case  the  deviation  follows 
9  determinate  law,  so  that  the  amount  being  given  in  any  one 
case,  it  may  be  computed  for  all  others.  Let  us,  for  exam- 
ple, conceive  any  two  other  planes  passing  through  the  centre 
of  the  htilj  and  each  perpendicular  to  the  plane  QEQ^,  of 
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which  let  MOSL,  M'OSL'  represent  quadrants;  then,  sup- 
posing a  compass  placed  in  each  of  those  planes,  at  equal 
distances  from  the  centre,  as  at  L  and  L',  we  shall  have  ML, 
ML'  foi*  arcs  of  latitudes,  and  EM,  EM'  for  the  longitudes  of 
position  of  those  points :  then  the  law  in  question  may  be  thus 
expressed : 

I'he  tangent  of  deviation  of  the  compass  at  L,  is  to  the  tan- 
gent of  deviation  of  the  compass  at  L',  as  the  rectangle  of  the 
sine  of  2  LM  X  cosine  EM,  to  the  rectangle  of  the  sine  of 
2  L'M'  X  cosine  EM'. 

E  being  the  east  point  of  the  horizon ;  consequently  the 
deviation  at  any  one  point  being  given,  that  at  any  other, 
having  the  same  distance  from  the  centre,  or  in  the  surface 
of  the  same  sphere,  may  be  computed. 

This  was  an  immense  step  towards  the  development  of  the 
mathematical  laws  of  magnetism,  which  have  been  for  so  ma- 
ny years  buried  in  obscurity ;  but  it  was  not  all  that  was  re* 
quired.  What  is  the  law  observed  at  different  distances? 
Subsequent  experiments  enabled  the  author  to  demonstrate, 
that,  while  the  position  as  to  latitude  and  longitude  was  the 
same,  tht  tangent  of  the  deviation  woe  proportional  to  the  cube  of 
the  distance. 

Lastly^  When  the  position  and  distance  are  the  same,  what 
is  the  law  of  deviation,  as  it  depends  upon  the  magnitude  of 
|he  attracting  body  f  In  the  pursuit  of  this  inquiry  a  most 
unexpected  result  was  obtained.  It  appeared,  in  the  first 
place,  that  the  tangent  of  deviation  was  proportioned  to  the 
cube  of  the  diameter,  which  might  naturally  have  been  ex- 

Eected  in  solid  balls ;  but  this  law  was  found  to  obtain  also  in 
ollow  shells :  in  fact,  the  most  solid  ball  was  found  to  be 
only  equal  in  power  to  a  shell  of  the  same  dimension,  al- 
though, in  the  latter  case,  the  iron  should  not  exceed  ,\ftb  of 
an  inch  in  thickness ;  or,  in  other  words,  it  was  thus  ascer- 
tained that  the  magnetic  power  of  iron  bodies  resides  only  on 
the  surface.  And,  in  a  subsequent  series  of  experiments,  k 
was  demonstrated^  that  these  laws  have  place  not  only  in 
balls  and  shells,  but  aT:io  in  iron  bodies  of  all  forms  and  di- 
mensions ;  the  centres  of  action  in  all  cases  being  referred  to 
two  points  indefinitely  near  to  each  other  in  the  general  cen- 
tre of  attraction  of  the  disturbing  mass. 

Let  us  now  see  how  far  the  principles  thus  developed  are 
applicable  to  the  correction  of  the  local  attraction  of  vessels* 
First,  Since  the  action  of  any  mass  of  iron  or  system  of  iroa 
bodies  may  be  referred  to  two  points  indefinitely  near  to  each 


other  in  the  general  centre  of  attraction  of  sach  mass  or  sys* 
tern,  it  follows,  that  in  a  ship  all  the  action  may  be  referred 
to  a  fixed  point  in  the  vessel,  and  that  the  line  joining  that 
point,  and  the  pivot  of  the  needle,  will  be  fixed  in  position,  as 
regards  the  ship,  in  all  parts  of  the  world :  and,  secondly. 
Since  the  whole  magnetic  power  of  iron  resides  only  on  the 
surface,  it  is  easy  to  procure  a  plate  of  iron  of  inconsiderable 
weight,  that  shall  have,  when  placed  near  the  compass,  an 
effect  upon  the  needle  equal  to  the  great  mass  of  iron  in  the 
vessel  situated  at  a  greater  distance ;  and  if  also  the  centre 
of  Mtraction  of  this  plate  be  fixed  in  the  line  above  mention- 
ed, then  in  whatev<>r  direction  the  vessel  is  placed,  or  in  what- 
ever part  of  the  world  the  observation  may  be  made,, the  plato 
will  always  produce  a  disturbance  on  the  needle  equal  to  that  o£ 
the  ship ;  so  that  by  obtaining  the  one  by  observation,  the  other, 
that  is,  the  disturbance  produced  by  the  ship,  becomes  known. 
Hence,  whatever  may  be  the  law  by  which  this  disturbing 
power  is  governed,  or  whatever  may  be  the  dip  of  the  needle 
or  the  direction  of  the  ship's  head,  the  plate  and  the  iron  of 
the  vessel  attract  the  needle  the  same,  both  in  quantity  and 
direction,  and  the  one  becomes  known  by  the  observation 
made  on  the  effect  of  the  other.  This  was  the  idea  first  sug- 
gested for  practice,  by  Mr  Bark>w,  to  the  Admiralty :  and, 
on  this  principle,  the  experiments  were  made  by  Captain  Bal- 
dey,  in  the  Leven,  and  by  Captain  Basil  Hall  in  the  Conway  ;^ 
the  observations  in  the  latter  case  having  been  carried  on 
from  England  below  Cape  Horn,  to  the  latitude  of  6P  south ; 
and  throughout  this  great  arc  of  terrestrial  latitude,  the  re- 
sults are  the  most  satisfactory  that  can  be  desired*  It  was 
indeed  a  fortunate  circumstance,  that  our  scientific  country- 
man should  be  at  this  time  placed  in  command  of  a  vessel 
bound  to  so  distant  a  port,  for  we  know  of  no  officer  in  the 
British  service  who  was  more  likely  to  do  justice  to  an  experi- 
ment so  novel  in  its  nature,  and  which,  although  simple  in 
operation,  was  so  intimately  connected  with  one  of  the  most 
intricate  branches  of  natural  philosophy.  But,  before  enter- 
ing farther  into  the  results  of  these  experiments,  it  will  be 
proper  to  state  a  few  particulars  relative  to  the  method  of 
fixing  the  plate  in  its  proper  situation,  and  the  construction 
of  the  plate  itself* 

In  order  to  ascertain  the  situation  for  the  plate,  a  place 
must  first  be  selected,  by  the  captain,  for  the  azimuth  or 
regulating  compass  to  be  fixed  in  for  observation  during  the 
period  of  the  ship  bein^  in  comn|ission.    It  will  then  h^  ne^ 
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cessary  to  ascertain  the  local  attraction  of  the  vessel,  which 
maj  be  done  in  the  following  manner.  The  ship  being  moor- 
ed, or  lyine  with  a  short  scope  of  cable,  must  have  anchors 
so  arranged,  as  to  admit  of  her  head  being  directed  to  each 
point  of  the  compass  successively,  and  there  steadied,  whilst 
the  bearing  of  a  remote  object  is  taken  (the  more  distant  the 
better),  to  avoid  the  parallax,  which  would  otherwise  affect 
the  observations.  It  will  then  be  found,  that  the  bearings 
thus  observed  differ  from  each  other,  according  to  the  attrac- 
tive power  of  the  vessel,  from  6  or  8  to  26  or  28  degrees ;  a 
difference  which  is  caused  by  the  iron  of  the  ship  attractine 
the  needle  out  of  its  proper  direction  to  the  eastward,  with 
the  ship^s  head  east,  and  to  the  westward  with  the  head  to 
.the  west.  On  examining  these  several  bearings,  there  will 
be  found  two,  at  opposite  points  of  the  compass,  that  will 
nearly  agree  with  each  other,  the  mean  of  which  must  be  ac- 
counted the  true  magnetic  bearing  of  the  object ;  and  these 
points  will  also  indicate  the  line  of  no  attraction  in  the  vessel, 
and  which  will  generally  be  found  neai*Iy  fore  and  aft ;  in 
this  line  the  plate  is  ultimately  to  be  fixed.  By  comparing 
the  correct  magnetic  bearing,  as  before  found,  with  the  ob- 
served bearing  ^  the  several  points,  the  amount  of  the  local 
littraclion,  at  each  point,  will  be  ascertained. 

It  now  remains  to  determine  the  position  of  the  plate,  which 
hitherto  has  been  a  matter  of  experiment,  by  taking  a  pedes- 
tal or  compass-stand  on  shore,  and  by  trying  different  situa- 
tions for  it,  and  turning  it  round,  till  the  same  deviations  were 
produced,  by  the  plate  at  each  point,  as  had  been  already 
observed  in  the  vessel ;  bul^  in  future,  this  will  be  more  readi- 
ly done,  by  means  of  a  small  printed  table,  which  Mr  Bar- 
low intends  to  supply  with  every  plate  for  that  purpose* 
This  table  comprises  a  series  of  attractions  obtained  by  the 
plate,  comprehending  all  possible  limits  for  every  class  of 
vessels,  and  amongst  them,  of  course,  will  be  found  that  of 
any  vessel  in  question;  corresponding  to  which  are  given  two 
numbers,  the  one  being  the  distance  of  the  centre  of  the  plate 
below  the  pivot  of  the  needle,  and  the  other  its  distance  from 
the  centre  line  of  the  pedestal ;  and  at  this  depth  and  dis- 
tance in  the  line  of  no  atti'action,  already  mentioned,  the  plate 
is  ultimately  to  be  fixed. 

This  being  determined,  the  plate  may  now  be  placed  either 
fore  or  aft  of  the  compass  ;  in  the  former  case,  doubling  the 
effect  of  the  vessel,  and  in  the  other  neutralising  it.  When 
the  fqimer  method  is  adopted,  the  plate  is  not  a  fixture,  but 
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18  fi]«rely  dpplied,  whenever  it  is  thought  necessarj  to  cor- 
rect the  course,  or  to  take  the  variation  of  the  compass  by  azi* 
muth,  or  amplitude  observations;  in  the  other,  it  remains 
fixed  in  its  place,  during  the  voyage^  and  the  needle  thereby 
left  free  to  obey  only  the  magnetic  power  of  the  earth*  The 
former  is  better  suited  for  southern  voyages,  in  which  the 
local  attraction  is  not  great,  and  the  latter,  in  northern  voya- 
ges,  where  this  disturbance  is  very  considerable ;  it  is,  in  fact, 
essentially  necessary  in  the  latter  case,  to  preserve  the  due 
action  of  the  needle,  which,  as  we  shall  see,  is  enabled,  by 
this  means,  to  continue  its  action  with  the  plate  attached,  after 
it  would  cease  altogether  to  act  without  it ;  so  that  the  ex- 
periment not  only  preserves  the  due  direction  of  the  needle, 
but  it  also  renders  it  active  after  it  would  otherwise  cease  to 
traverse  on  its  pivot.  With  respect  to  the  plate,  it  has  hither- 
to been  made  aouble ;  viz.  of  two  plates  screwed  together,  in 
such  a  manner,  as  to  combine  any  strong  irregular  power  of 
one  with  a  like  weak  point  in  the  other ;  by  which  means  a 
more  uniform  attraction  is  obtained.  Mr  Barlow,  however, 
seems  to  think  that  this  precaution  would  not  be  necessary, 
tf  iron,  weighing  about  6  lb.  per  square  foot,  were  employed ; 
but  with  thmner  plate-iron,  viz.  of  about  S  lb.  per  foot,  it  is 
requisite,  not  only  for  the  purpose  above  stated,  but  also  to 
prevent  any  accidefital  bending,  by  a  fall,  or  otherwise.  The 
plates  may  vary  from  12  to  16  inches  in  diameter,  according 
to  the  power  of  the  vessel.  They  have  a  hole  in  their  centre, 
through  which  is  passed  a  brass  socket,  with  a  broad  head, 
and  with  an  exterior  screw  and  nut,  whereby  the  two  plates, 
ted  an  interposed  plate  of  wood,  of  the  same  size,  are  com- 
pressed strongly  t<^ether:  the  board  being  intended  to  in» 
crease  somewhat  the  thickness,  without  adding  much  to  the 
weight.  It  appears,  also,  that  the  two  plates  Uius  separated, 
are  more  powerful  than  when  in  immediate  contact.  The 
plates  are  afterwards  more  strongly  attached  to  each  other, 
oy  three  brass  pins  and  nuts.  The  several  parts  of  the  plates 
are  represented  in  Figs.  3.  and  3.,  and  the  brass-pin,  socket, 
and  pedestal  in  Fig.  4. ;  the  latter  of  which  shews  the  whole 
comoiued,  as  in  Action  on  shipboard. 

Having  thus  fully  described  the  nature' of  the  operation,  let 
us  now  examine  the  results  that  have  been  obtained  in  the 
vessels  before  named,  and  in  the  Griper,  during  the  recent 
Voyage  of  that  vessel  to  Spitzbei^en,  in  which  we  shall  avail 
ourselves  of  the  information  contained  in  Mr  Barlow's  "  Re- 
port, addressed  to  my  Lords  Commissioners  of  the  Admi- 
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ralty,^  as  we  have,  in  the  preceding,  been  indebted  to  hii* 
^^  Essay  on  Magnetic  Attractions,"  to  which  the  above  report 
now  forms  an  appendix. 

The  first  experiments,  with  the  correcting  plate,  were  made 
en  board  his  Majesty's  ship  Leven,  which  sailed  under  the 
command  of  Captain  Bartholomew,  in  April  1820,  to  the 
western  coast  of  Africa^  but  returned  the  following  year, 
under  the  command  of  Captain  Baldey,  in  consequence  of 
the  death  of  the  former  officer.  From  Captain  Baldey,  and 
from  the  other  officers  of  the  vessel,  Mr  Barlow  received  a 
very  extensive  series  of  experiments,  made  with  and  without 
the  plate,  to  determine  the  variations  of  the  needle  in  those 
seas;  which  were  accompanied  by  a  letter  from  the  com- 
mander^ speakine  in  the  highest  terms  of  the  efficacy  of  the 
method  proposed.  We  cannot  allow  ourselves  to  transcribe 
these  experiments  at  length,  but  the  ioUowing  observations, 
on  then  by  the  author,,  will  sufficiently  explain  the  nature  oi 
the  jresults^ 

After  giving  the  tabulated  series  of  the  experiments  alluded 
to,  Mr  Barlow  observes,  that  ^^  the  best  test  we  have  of  esti- 
mating the  accuracy  of  the  corrected  variations,  or  the  effica* 
cy  of  the  plate  for  this  determination,  is  by  comparing  those 
variations  wibh  each  other  which  were  made  on  the  same,  or 
on  subsequent  days,  while  the  latitude  and  longitude  remained 
nearly  the  same ;  first,  as  found  in  the  usual  way  without  the 
plate,  and  then  with  the  plate,  the  ship's  head  being  on  oppo- 
site sides  ef  the  meridian  ^  when  although  some  difference 
(while  the  ship  is  changing  her  place)  must  be  expected  in 
the  resulting  vat iatiens,  yet  that  chan^  day  by  day  will  be 
but  small,  and  we  shall  not  foil  to  consider  those  results  to  be 
the  roost  accurate,  which  agree  nearest  with  each  otherJ' 
Several  such  examples  are  then  selected  out  of  the  preceding 
^ble,  as  follows. 
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THiese  deductions  are  obviouslj  perfectly  satisfactory,  as 
far  as  they  go,  but  they  are  not  a  fair  specimen  of  the  value 
of  the  plate ;  for  although,  in  the  situation  selected  for  the 
azimuth-compass,  the  local  attraction  did  not  exceed  3^  or  4% 
yet  the  compasses  in  the  binnacle  were  at  the  same  time  at 
▼ariance  with  each  other  to  the  amount  of  5%  6%  or  7^ ;  and 
as^H  is  by  these  that  the  v>essel  is  steered,  the  actual  correc- 
tion in  the  course  was  to  the  same  amount,  as  appears  from 
the  following  example,  furnished  by  Lieutenant  Mudge. 

"  On  the  23d  of  May,  at  noon,  we  were  in  latitude  41'  4^ 
N.,  and  long,  by  chronometer  9^  53^  W.  Taking  this  as  our 
departure,  we  sailed  by  the  starboard  compass  S*  46^  W.  18S 
miles ;  this  placed  the  ship  on  the  23d  (allowing  the  variatioii 
2r  W.)  in  lat.  38^  68'  N.,  and  long.  1 1**  26'  W.  Whereas 
the  observation  at  noon  for  latitude  gave  38^  39'  N.  and  long. 
10^  5&  W.  So  great  a  difference  in  24  hours  was  attributed 
to  a  current,  till  I  compared  ^he  steeringor  larboard  compass 
with  the  one  with  your  plate,  when  f  found  no  less  than  7^ 
error  to  be  subtracted  from  the  course  steered,  making  the 
true  course  S.  H^'W.,  instead  of  S.  24**  W.,  which  had  been 
taken  as  correct.  By  allowing  the  7**  which  we  had  found 
aubtractive  from  the  course,  our  latitude  was  by  reckoning 
38*  41'  N.  and  teng.  !!•  62'  W.,  which  agree  with  observa- 
tion as  closely  as  we  can  ever  expect  to  do  onder  any  circum- 
stances.'' 

Thus  far,  then,  the  experiments  were  found  folly  to  answer 
their  intended  purpose,  but  an  impottant  Question  was  still  to  be 
decided.  Captain  Flinders  bad  observea,  that,  with  an  equal 
north  and  south  dip,  he  found  an  equal  quantity  of  local  de- 
viation ;  but  in  a  contrarv  direction,  the  north  end  of  the  nee- 
dle, in  one  instance,  and  the  south  in  another,  having  been 
drawn  forwards  by  the  action  of  the  vessel,  it  was,  therefore, 
of  the  highest  importance,  to  ascertain  how  far  the  power  of 
the  plate  was  competent  to  meet  this  atrongly  marked  differ- 
ence in  the  action  of  the  ship.  This  was  the  point  left  for  the 
decision  of  Captain  Basil  Hall,  in  his  voyage  in  the  Conway, 
round  Cape  Horn,  to  the  Western  coast  of  America.  We 
cannot  do  better,  in  describing  these  experiments,  than  by 
following  our  author's  plan  in  transcribing  Captain  HalHs  let- 
ter, written  on  the  return  of  the  vessel  in  1822» 

^  In  practice,''  says  thisofBcer,  ^the  following  is  the  method 
we  pursued." 

^  A  set,  or  several  sets  of  azimuths,  were  taken  without  the 
plate,  then  another  set  or  sets  with  the  plate  affixed ;  the 
«l)jp's  head,  and  tU  other  circumstances  femaining  the  same. 
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The  variation  of  the  compass  was  then  computed  from  each 
of  these  observations:  now,  that  variation  resulting  from  the 
first  observations,  was  affected  simply  bj  the  local  attrac-. 
tions  of  the  ship,  and  may  be  termed  the  deviated  deviation ; 
that  resulting  from  the  azimuths,  when  the  plate  was  affixed, 
by  an  aption  twice  as  great,  viz.  first,  by  the  ship,  and,  next, 
by  4he  plate,  may  be  termed  the  douhh  deviated  variation^ 
The  difference  between  these  valuations  is  the  amount  of  the 
local  attraction  or  the  deviation,  and  this  applied  to  the  devia- 
ted variation  gives  the  correct  magnetic  variation. 

^'  it  is  easy  to  see  how  this  correction  is  to  be  applied,  by 
merely  observing  whether  the  north  end  of  the  needle  has. 
been  drawn  to  the  west  or  to  the  east,  by  the  application  of 
the  plate,  aqd  considering  that  the  ship^s  attraction  must  have 
bad  a  similar  effect  on  the  needle. 

"  The  following  observations  were  made  at  sea  by  Mr  Fos» 
ter,  under  my  superintendence  and  occasional  assistance.  The 
instrument  used  was  an  azimuth  compass,  made  by  Messrs 
W.  and  T.  Gilbert  of  London,  lent  to  me  by  the  makers,  at 
the  suggestion  of  Professor  Barlow.  It  is  so  constructed,  that 
the  observer  reads  off  the  angle  at  the  same  time  that  he  ob* 
serves  the  object:  it  is  in  other  respects,  also,  admirably 
suited  for  practice,  not  only  on  such  occasions  as  this,  where 
much  delicacy  is  required,  but  also  in  surveyingand  in  pilot- 
ing ships,  by  means  of  charts  and  bearings.  The  azimuth 
compasses  at  present  supplied  to  his  Majesty's  ships  (1822) 
are  altogether  unfit  for  any  of  these  purposes,  even  the  most 
common.  (Signed)  ^'  Basil  Hall.'' 

Lieutenant  Foster,  the  gcndeman  spoken  of  above,  and 
who  made  the  greater  number  of  the  observations  under  the 
superintendence  of  Captain  Hall,  gives  in  this  place  a  de- 
tailed statement  of  all  his  experiments :  they  are  continued 
from  England,  below  Cape  Horn,  and  hence,  again,  to  the 
magnetic  equator,  on  the  western  coast  of  America.  They 
occupy  several  pages  in  Mr  Barlow's  report,  but  they  are 
s^fterwards  brougnt  into  a  tabulated  form,  in  order  to  bring 
them  more  collectively  under  the  eye  of  the  reader,  and  the 
better  to  compare  them  with  each  other,  and  with  the  obser- 
vations of  Captain  Flinders ;  the  author  having  added  two 
columns  for  this  purpose,  one  containing  the  dip  of  the  needle 
at  each  place  of  observation,  from  Hansteen's  chart,  and  the 
other  shewing  the  end  of  the  needle,  that  was  drawn  for- 
wards, according  to  the  indication  of  the  plate,  in  order  to  as- 
certain how  fi^  the  deductions  agreed  with  those  gf  thQ  i\&imr 
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fished  oflicer  aboVe  ailuded  to.  This  Table,  and  the  author^s 
reaiarks  upon  k,  must  conclude  our  notice  of  these  important 
observations. 

Tabulated  RemlU  of  ExpttinwMi  made  wtih  Mr  Barlow^s 
Correcting-pkUe  in  H.  M,  &  Gmooy,  hf  Captain  Basil  Hall 
and  Mr  Foster^  in  a  voyage  to  the.  Western  Coast  ofAnufica. 
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0    2  W 

North 

24123  18  S 

43  12  W 

21     0  S 

4    OE 

4    0  E 

0    0 

SSE 

26(26  86  S 

44    OW 

26    0  S 

4  59E 

6    6£ 

0    7  W 

SSWAW 

sswlw 
ssw 

North 

2627    0  S 

46  10  W 

30    0  S 

640  E 

6  49  £ 

0    9  W 

North 

27  28  41  8 

46  40  W 

80    0  S 

7  24  £ 

7  28  £ 

0    4  W 

North 

2862  30  S 
2966  40  S 

64  40  W 

62    0  S 

21  17  E 

2i  18  £ 

0    1  W 

SbyE 

SW^A  w 

Sooth 

• . « • 

*  •  •  . 

28  49E 

28    0  £ 

0  49  £ 

South 

30 

.... 

.... 

26  28  £ 

24  32  E 

1  66  £ 

sw' 

South 

31 

60  46  S 

72    0  W 

70    0  S 

27  87  E 

27  63  £ 

0  16  W 

NbyE 

South 

32 

60  66  S 

72  80  W 

70    0  S 

80    8  E 

27  39  E 

2  24  £ 

SWby  3 

WlyNAN 

WNW 

Sooth 

33 

60  86  8 

77  46  W 

70    0  S 

80  31  E 

27  47  £ 

2  44  £ 

South 

34 

67  38  S 

84  10  W 

70    u  S 

28  18  E 

26     1  £ 

9  17  £ 

South 

36 

48  20  S 

79  30  W 

66    0  S 

18  60  E 

18  26  £ 

0  24  £ 

N|W 
NjyE 

NNE 

South 

36 

89    7  8 

78    OW 

67    OS 

17  16  k. 

17  12  £ 

0    4  £ 

North 

37 

86  80  S 

76  40  W 

60    OS 

16  67  E 

16  11  E 

0  14  W 

South 

38 

12    8  8 

77    6  W 

9  37  £ 

9  60  £ 

0  13  W 

S  by  E  *  E 
SW        * 

South 

89 

12  27  S 

78    0  W 

9  26  E 

9  14  E 

0  12  £ 

South 

40 

14  18  S 

80  20  W 

10  16  E 

9  64  E 

0  22  £ 

SW 

Soath 

41 

18  67  S 

86    0  W 

10  10  E 

960E 

0  20  £ 

ssw 

South 

42 

23  80  S 

87  62  W 

10  26  E 

10  26  £ 

0    0 

ll^^^ 

13 

18  28  S 

70  16  W 

10  26  E 

9  47  £   0  38  £ 

South 
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On  examining  the  numbers  contained  in  the  above  tabula- 
ted results,  their  general  agreement  with  the  deductions  of 
Captain  Flinders  \vill  be  immediately  obvious.    That  distin* 

Suished  oflScer  found,  that,  with  equal  dips,  north  and  south, 
e  had  equal  local  attractions,  but  reversed  in  direction :  and 
the  whole  of  the  foregoing  table  indicates  the  same  change, 
the  north  end  of  the  needle  being  drawn  forward,  while  the 
dip  is  north,  and  the  south  when  the  dip  is  south,  at  least  the 
exceptions  are  only  in  places  near  the  magnetic  equator,  and 
the  amount  of  the  difference  in  these  cases  never  exceeds  a 
few  minutes  of  a  degree.  The  general  decrease  of  effect  from 
England  to  the  equator,  the  increase  again  from  the  equator 
to  Cape  Horn,  and  the  decrease  thence  as  the  southern  lati- 
tudes diminish,  are  striking  instances  of  the  accuracy  of  the 
method  of  correction  proposed.  To  which  I  may  also  add, 
as  a  still  stronger  case,  the  variations  as  found  with  and  with- 
out the  plate,  m  experiments  31,  32,  33,  in  which  the  greatest 
difference 

Without  the  plate,  is  2°  63^ 

With  the  plate,  ooly  Qo  14' 

It  is  thus  rendered  obvious,  that  tbe  plate,  as  fixed  in  Ports- 
mouth Harbour,  in  Lat.  50^  47'  N.,  will  correct  the  local  at- 
traction of  a  vessel  in  Lat.  60°  56'  S. ;  the  dip  in  the  formef 
case  being  70°  north,  and  in  the  latter  about  the  same  south. 

In  short,  it  is  rendered  evident  from  the  experiments  made 
in  the  Conway^  that  the  method  of  correction  proposed  is  ap- 

Clicablc  through  all  navigable  latitudes  from  50°  north  to  the 
ighest  approachable  southern  regions. 
Only  one  point  could  now  be  considered  as  doubtful,  re- 
specting the  efficacy  of  this  method  of  correction.  It  had 
been  ascertained  by  the  observations  of  Captains  Ross  and 
Parry,  that  the  effect  produced  by  the  iron  of  the  ship  increas- 
ed with  immense  rapidity,  and  amounted  to  the  most  fearful 
quantity  in  approaching  towards  the  pole :  Would  the  plate 
increase  in  power  with  equal  pace  ?  To  ascertain  this  point. 
Lieutenant  Foster,  who  had  already  received  the  thanks  of 
the  Board  of  Longitude  for  the  experiments  on  this  and  other 
scientific  subjects  in  the  Qmaay^  was  now  appointed  to  the 
Griper^  which  was  about  to  leave  England  for  Spitzbereen, 
xmder  the  command  of  Captain  D.  C.  Clavering,  with  orders 
to  continue  his  experiments  on  local  attraction  under  the  su- 
perintendence of  the  above  officer  at  every  opportunity. 

We  are  sorry  we  are  not  able  to  give  the  entire  detail  of 
the^e  experiments,  which  are  the  more  interesting  as  they 
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were  made  in  a  part  of  the  world  where  the  dip  is  very  great, 
and  where  hitherto  the  compass  has  been  considered  as  an 
useless  instrument*  Moreover,  the  attraction  of  this  vessel, 
before  leaving  England,  was  very  much  greater  than  usual, 
so  that  on  all  accounts  the  plate  was  in  this  instance  submit- 
ted to  the  most  severe  trial. 

By  a  series  of  observations,  made  while  the  vessel  was 
lying  at  the  Nore,  it  was  found  that  the  bearing  of  a  distant 
object  differed  28%  with  the  ship^s  head  at  eas^  and  west ; 
that  is,  the  local  attraction  at  each  of  these  points  was  14% 
and  proportionally  ereat  at  all  the  other  points, — ao  excess 
of  attraction  which  Captain  Clavering  attributed  to  the  effect 
of  the  spindle  of  the  patent  capstan,  a  suggestion  which  was 
verified  by  experiment  on  the  return  of  the  vessel,  as  we  have 
already  stated* 

To  counteract  this  strong  power,  it  was  necessary  to  bring 
the  iron-plate,  which  was  14  inches  in  diameter,  to  a  distance 
(from  the  middle  of  the  pedestal)  of  7|  inches ;  and  the  cen- 
tre of  it  7-j^  inches  below  the  pivot  of  the  needle,  in  which 
situation  (Aafi  the  compass^  it  counteracted  the  local  attraction 
of  the  ship,  and  left  the  needle  free  to  obey  the  natural  direct- 
ivepower  of  the  earth. 

This  was  proved  by  taking  the  variations  of  the  needle 
with  and  without  theplate,  fas  already  explained  in  the  Omway 
experiments,)  from  Englana  to  the  North  Cape ;  when  the  close 
agreement  of  the  former,  and  the  great  discrepancy  in  the 
latter,  were  so  marked,  that  from  this  time  the  vessel  was 
navigated  during  the  remainder  of  the  voyage  altogether  by 
the  corrected  compass,  and  with  the  best  possible  success. 
She  was  moreover  swung  in  three  different  ports  during  the 
voyage,  viz.  at  Hammerfest,  at  Drontheim,  and  at  Spitzbergen, 
and  the  local  attraction  ascertained  at  every  point;  first  with- 
out and  then  with  the  plate :  this  was  found  to  be  at  the  east 
and  west,  or  maximum  points,  without  the  plate,  as  follows,  viz. 

Hftmrneifest, 24>  10^ 

Spitzbemn 34  4S 

DrotttheTm, £1   23 

Eoglftod, 14  00 

Whereas,  with  the  plate  aflSxed,  the  deviations  were  reduced 
to  quantities  very  little  exceedmg  what  might  be  attributed  to 
errors  of  observation. 

It  will,  however,  be  more  satisfactory  to  state  some  of  these 
results  at  length. 
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The  following  Table  shews  the  Varialum  as  observed  with  and 
without  the  Plate,  at  different  times  during  the  Voyage. 


variation 

rsM 

Latitude. 

Longitude. 

Sfaip'sHead. 

wilboat  the 

witl/  the 

Time  of  obser- 

Plate. 

Plate. 

vation. 

0           * 

o      * 

o      t 

o      t 

66    6  N 

6  54  £ 

North 

5  26     1  W 

>  11  28 

24  23W 

May  18.  1823. 

Ditto 

Ditto 

NE 

26    2 

Do.      do. 

36  57 

7  20 

North 

24  62 

26  30 

May  20. 1823. 

S6  15 

8    0 

E^N 

NEAE 

NEiE 

2  14 

21  16 

Do.      do. 

S6  35 

9  13 

11  68 

22  43 

May  21.  1823. 

57  21 

9    4 

18    4 

22  12 

May  23.  1823. 
Do        do. 

Ditto 

Ditto 

West 

48    6 

20    0 

S9    8 

14  80 

NE 

18  36 

13  36 

May  28. 1823. 
Do.      do. 

Ditto 

Ditto 

West 

)40  37 

14  28 

A  single  glance  at  this  Table  is  sufficient,  to  perceive  the 
very  irregular  character  of  the  variations,  as  determined 
without  the  plate,  and  their  close  approximation  to  uniformity 
when  the  plate  was  affixed. 

Extract  from  Journal  of  H.  M.  S.  Griper. 


H.  M.  S.  Griper  at  Sea,  26*  May  1823. 

Lat.  69^  164'  N. 
Lon.byChr.7*64'E. 

H. 

K. 

F. 

Courses 
with  Plate 
Compass. 

Courses  by 

Compass 

without 

Plate. 

Winds 

by 

Plate 

Coqpass. 

Lee 
way. 

Officers 
Initials 

R£XARKS|  lie. 

1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 

3 
3 
3 
3 
8 
3 
3 
3 
3 
3 
3 
2 

.... 
4 
4 

•i.. 

'2 
2 

6 

£9£ 

£  by  S  i  S 

EbyS 
E  by  S  i  S 
EbyS 
EIS 

EbyN 

E  by  N  i  N 
ENE 

ENE 

NE 
NEbyN 

2  pis. 

ditto 

ditto 
Ipt. 
ditto 
ditto 

P.G. 

T.D. 
H.F 

P.G. 

P.M.                            , 
Fresh  breezes  and  cloudy. 
4.  Fresh  breezes  with  a 
head  swell. 

Variation  2  points  west. 

8.  Sqoally  weather. 

nllant  sails. 
Midnight,  moderate,  and 
fine. 

1 
2 
8 
4 
6 
5 
7 
8 
9 
10 
11 
12 

3 
3 
3 
3 
2 
2 
1 
1 
1 
1 
2 
2 

"6 

4 

6 
6 
6 

EbyS 
EdE 

SEby£    £ 
NbyE 

NJW 

E  by  N  1  N 
EbyN  • 

£ 

NbyEJE 

NjE 

NE  by  N 

EbyN 
ENE 

4pt. 

ditto 

ditto 
None 

T.D. 

H.F. 
P.G. 

A.  M.  May  26.  moderate 
and  fine. 

4.    Fine  clear  weather-* 

set  royals. 
6h30u  tacked. 

8.  Moderate  and  fine. 

Got  spare  sails  op  to  dry 
Variation  23f*  westerly. 
Noon  moderate  and  clear. 

l^at.  observed 

at  Nooo.  OSr  12'  10"  N. ;  Long,  by  Chr.  i(f  14'  16"  E.              | 

Experifmnis  and  DUcootriu. 
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The  preceding  U  a  copy  of  an  extract  from  the  journal  of 
the  vessel,  showing  the  courses,  be  as  kept  both  by  the  cor- 
xmad  and  uiieoiTecied  compass,  and  the  amovmt  of  errors 
corrected  by  the  plate. 

The  course,  according  to  bodi  reclDonagi,  is  uheiwuinFig. 
5,  and  the  Domerical  results  will  stand  as  below  : 

CoajTM  tod  distance  made  good  between  the  observatioDt  oo  the  Si6th  and 
26thofMB7,  18a»: 

Coune  «  S.  8^  £.,  distance  SO  miles. 

By  the  Flate  compass  course  ss  £.  distance  61  miles. 

^^^^^^r^  ^'^"^  \  ^""*  •=  ^-  *^  *^'  ^*^"**  ^  ™'*»- 

Latitude  observed  May  26.  s  00*  12'  l(/'  N. ;  Longitude  by  Chrono- 
meter 109  14'  £. 
Latitude  by  the  Plate  Compass  s  60*  16'  00"  N. ',  Longitude  10*  IT'  £• 

*1il?htt''rh/'pi.S'°'*^  j-«9.4rW'N.;  Loo8!t«d.l«-n.,E. 
Making  a  difference  in  the  latitude  of  36  miles. 

The  following  table  shews  the  local  attraction  of  the  Gripur^ 
as  ascertained  by  swinging  her  at  Ilammerfest,  and  the  second 
Table  shews  the  same  when  the  plate  was  fixed. 


D^.lV  16' JV. 

Compass 

Correct 

Compass 

Correct 

Position 

or  deviated 

Magnetic 
Bearing  of 

Local 

Position 

or  deviated 

Magnetic 
Bearing  of 

Local 

of  Snip's 

Bearing  of 

Attrac- 

of  Ship's 
Head. 

Bearing  of 

Attrac- 

Object. 

Object 

tiOD. 

Object 

Object 

tion. 

South 

S68  80  W 

o        r 

S62  30  W 

—   40 

North 

S61  30  W 

S62  80  W 

O       1 

—  1  30 

Sby  W 
SSW 

63  40 

do. 

+    1  10 

NbyE 

NNE 

67  60 

do. 

—  440 

67    0 

do. 

+    4  30 
+    8  20 

68  40 

do. 

—  8  60 

SWbyS 

70  60 

do. 

NEby  N 

40    0 

do. 

—13  3(1 

SW 

. .    . . 

do. 

... 

NE 

48    0 

do. 

—10  30 

SWbyW 

wsw 

79    0 

do. 

f.  16  30 

NEby  E 

42  30 

do. 

—20    0 

81  40 

do. 

-  10  10 

ENE 

41     0 

do. 

—21  30 

WbyS 

88    0 

do. 

-  20  30 

EiN 

88  40 

do. 

—23  60 

West 

86  40 

do. 

-  24  10 

EAS 

88  20 

do. 

—24  10 

WbyN 
WNW 

87    0 

do. 

-  24  30 

EbyS 

37    0 

do. 

—26  30 

85  80 

do. 

-  23    0 

ESE 

30  40 

do. 

—22  6(1 

NWbyW 

81  80 

do. 

-  10    0 

SEbyE 

41  40 

do. 

—20  60 

NW 

•  •    •  • 

do. 

• .  . 

SE 

44    0 

do. 

—18  80 

NWbyN 

77    0 

do. 

+  14  80 

SEbyS 

47  40 

do. 

—14  60 

NNW 

71  40 

do. 

--    9  10 

SSE 

40  40 

do. 

^20  60 

NbjrW. 

60    0 

do. 

--    6  30 

SbyE 

66  16 

do. 

—  6  16 

JVb/e.— The  dip  Is  supplied  by  CapUin  Sabine  throughout 
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Local  Attraction  tD\ 

ih  (tu  Piatt  affixed 

• 

Positloa 

t>ositton 

of  Ship's 
Head  by 

Bearing  of 

Correct 

of  Ship's 
Head  by 

Bearing  of 

Correct 

the  Object 

MacneUc 

Differs 

the  Object 

Magnetic 

Differ- 

Plate 

by  Plate 

Bearing  of 

eoces. 

PiatQ 

by  Plate 

Bearing  of 

ences. 

Compass. 

Compass. 

Object. 

Compass. 

Compassw 

Object. 

South 

0         f 

S  64  10  W 

S62  80  W 

o     t 

+  1  40 
+  1    0 

North 

S  6 1  80  W 

S6t  30  W 

—  1    0 

SbyE 

68  90 

do. 

Nby  W 

NNW 

61  30 

do. 

wi     0 

SSE 

66  80 

do. 

+  3    0 

61  40 

do. 

—  0  50 

SEbyS 

66  80 

do. 

+  8  20 

NWby  N 

61  60 

do. 

—  0  40 

8E 

64  10 

do. 

+  1  40 

NW 

62  60 

do. 

+  0  20 
+  1     0 

SE  by  £ 

62  40 

do. 

-f  0  10 

NWbyW 

WNW* 

63  80 

do 

ESE 

61  80 

do. 

—  1    0 

64  40 

do. 

+  2  10 

EbyS 

61  20 

do. 

-I  10 

WbyN 

65    0 

do. 

+  2  80 

East 

60    G 

do. 

—  230 

West 

64  20 

do. 

+  1  60 

EbyN 
ENE 

60  10 

do. 

—  2  20 

Why  9 

68^40 

do. 

+  1  10 
--1  10 

62  80 

do. 

0    0 

wsw 

63  40 

do. 

NEby  £ 

63  30 

do. 

+  1     0 

SWby  W 

68  20 

do. 

—  4  10 

NE 

62  20 

do. 

—  0  10 

SW 

69    0 

do. 

—  8  80 

NEbyN 

63    0 

do: 

-f0  80 

SWbyS 

68  20 

do. 

—  4  10 

NNE 

62.20 

do. 

—  0  10 

ssw     • 

60    0 

do. 

—  2  80 

Nby  E 

63    0 

do. 

4  1     (» 

SbyW 

61  20 

do. 

—  1  10 

Tkese  resir1t»  will  be  found  Cullj  to  bear  out  the  represen- 
tatioo  made  of  them  hj  Captain  Claveruig  to  the  Admiralty, 
who,  in  his  letter  to  John  Barrow,  Esq.  says,  "  Having  been 
directed  by  their  Lordships  to  make  ulal  of  Mr  Barlow's 
plate,  under  Mr  Foster's  direction,  I  forward  that  gentleman's 
report,  which  it  will  be  unnecessary  for  me  to  comment  upon, 
farther  than  to  acknowledge  the  extreme  practical  utility  of 
it',^  as  found  during  the  whole  voyage ;  as  when  once  fixed 
abaft  the  compass  (thereby  neutralismg  the  effect  of  the  iro& 
OD  board),  nothing  farther  was  necessary  than  to  allow  for  the 
variation  of  the  place*'' 

And,  in  his  letter  to  the  author,  be  says,  after  speaking  of 
the  0:eat  amount  of  the  attraction  in  the  Griper : 

^' Under  such  circumstances,  it  is  obvious  that  the  compass 
would  have  been  altogether  useless,  (as  indeed  it  has  always 
been  admitted  to  l3e  in  these  high  latitudes),  but  for  your 
valuable  correctii^  plate,  with  which,  as  I  have  already  sta- 
ted in  my  report,  ive  found  the  compass  to  which  the  appara- 
tus was  attached  as  serviceable  in  these  latitudes  as  in  any 
other." 

What  is  here  alluded  to  is  an  advantage  attending  the  plate 
beyond  what  the  author  had  foreseen,  viz.  that  it  not  only 
causes  the  compass  to  work  correctly,  but  it  also  enables.it  t# 
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-work  fonger,  that  is  in  higher  latiludes,  ihae  il  would  other- 
wise do.  This  was  observed  as  an  experimental  fact  by 
Lieutenant  Foster,  while  the  vessel  was  oa  the  coast  of  Green- 
land where  it  was  obvious,  that  when  the  plate  was  removed 
the  needle  was  wholly  inactive,  but  as  soon  as  the  plate  was 
replaced,  the  needle  again  became  serviceable*  At  this  time 
the  cause  of  this  important  effect  of  the  plate  was  ngt  known ; 
.but  on  the  return  of  the  ship,  Lieutenant  Poster  having  atten- 
tively reconsidered  the  sunject,  demonstrated  it  to  be  the 
necessary  consequence  of  the  common  principle  of  the  com- 
position and  resolution  of  forces ;  a  discovery  in  the  hfghest 
degree  creditable  to  the  acnteness  and  ingenuity  of  this  rising 
young  ofl^er.  On  the  coast  of  Greenland,  the  effect  of  the 
Hocal  attraction  of  the  vessel  amounted  to  45°  at  east  and  west, 
fio  that  the  action  of  the  iron  at  this  time  on  the  needle  was 
equal  to  that  of  the  earth ;  and  the  direction  which  the  nee- 
dle would  at  any  time  take  up,  was  in  the  diagonal  of  the 
parallelograms  described  on  lines  representing  these  two  equal 
ibrces ;  and  the  intensity  of  the  same  would,  in  like  manner,  be 
depoted  by  the  diagonal  of  that  parallelogram.  Therefore,  with 
the  ship's  head  towards  the  north, the  intensity  would  be  greater 
than  with  the  earth  alone ;  with  the  ship's  head  at  east  or  west^ 
the  intensity  would  be  greater  also  in  the  ratio  of  y'^  to  1, 
but  when  the  head  was  towards  the  south,  the  iron  of  the 
vessel  being  opposed  in  power  to  that  of  the  earth,  the  actioa 
of  the  needle  is  destroyed,  and  is  wholly  inactive  and  unser- 
viceable for  the  purposes  of  navigation.  Thus,  let  NE  (Fig. 
6.  PI,  I.)  represent  the  force  which  the  earth  exercises  on 
the  needle,  and  NS  that  belonging  to  the  iron  of  the  vessel, 
and  NL  the  resultant  of  the  two ;  it  is  obvious,  after  the  an« 
gle  SNE  exceeds  a  certain  quantity,  that  the  resultant  NL  is 
less  than  either  of  the  single  forces,  and  which  soon  becomes 
too  small  to  bring  the  needle  home  to  its  proper  directioo. 
But  by  opposing  to  the  force  NS,  another  equal  force  due  to  the 
plate,  as  NP  (Fig.  7.^,  then  the  resultant  of  the  three  forces 
is  the  single  terrestrial  force  NE,  and  the  needle  will  be  as 
free  to  move  as  if  no  iron  were  in  its  vicinKy* 

This  admirable  property  of  the  correcting  plate  leads  Lieu- 
tenant Foster  to  form  the  most  sanguine  expectations,  that, 
in  the  ensuing  voyage,  he  will  have  the  satisfaction  to  see  the 
compass,  during  the  passage  of  the  Hecia  and  Fury  through 
Lancaster  Sound  and  Barrow's  Straits,  perfectly  active,  where 
hitherto  it  has  been  stowed  below  as  completely  unserviceable* 

We  must  here  ccmclude  our  account  of  these  important  ex- 
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periments  with  the  foUolving  extrdict  from  Mr  Barlow's  re- 
port: 

^  The  iinp<)rtance  of  this  principle  of  correction^  even  for 
the  purposes  of  keeping  the  reckoning  at  sea,  is  sufficiently 
demonstrated  in  the  two  cases  given  by  Lieutenants  Mudge  and 
Foster,  (pages  219,  &  224.),  where,  in  the  former,  the  error  by 
the  common  compass  course  was  nineteen  miles  in  latitude,  and 
tw«nty-eight  in  longitude ;  while,  by  the  corrected  compass 
course,  the  error  was  reduced  to  two  miles  in  latitude,  and 
four  in  longitude ;  and  in  the  instance  furnished  by  Lieuien 
ant  Foster,  the  error  in  latitude  alone  was  thirty-five  miles  in 
a  run  of  only  fifty,  which  almost  wholly  disappeared  on  the 
corrected  course." 

"  1  am  aware,"  says  the  author,  "  that  seamen  depend  very 
little  upon  the  reckoning  by  compass,  while  they  can  make  the 
requisite  astronomical  observations ;  but  as  it  frequently  hap 
pens  that  many  days  may  pass  without  their  obtaining  such  ob- 
servations, it  cannot  but  be  of  considerable  importance  to 
them,  in  such  cases,  to  possess  the  means  of  approximating 
the  nearest  possible  to  their  true  place.  It  is  not,  however, 
at  sea  that  this  method  is  of  greatest  use ;  it  is  in  narrow 
channels,  in  piloting  ships  by  means  of  charts  and  bearings, 
and  in  marine  surveying,  that  it  finds  its  most  valuable  appli- 
cation :  in  these  instances  nothing  can  supply  the  place  of  the 
compass,  and  it  tannot  but  be  important  in  such  cases  that 
its  directive  power  should  be  freed  from  all  irregularity." 

"Every  reader,  whether  a  nautical  man  or  not,  must  be 
aware  of  the  great  amount  of  error,  and  fatal  consequences, 
which  might  arise  in  a  few  hours  to  a  vessel  in  the  channel, 
in  a  dark  and  blowing  night,  having  for  its  only  guide  a  com- 
pass  subject  to  an  error  of  14  degrees  in  opposite  directions 
at  east  and  west,  the  very  courses  on  which  she  would  be 
endeavouring  to  steer;  and  who  can  say  how  many  of  the 
mysterious  wrecks  which  have  taken  place  in  the  Channel 
are  to  be  attributed  to  this  source  of  error,  of  which  the  most 
recent,  that  of  the  Thames,  Indiaman,  is  a  serious  example. 
This  vessel,  besides  the  usual  materials,  euns,  &c.  had  a  car- 
go of  more  than  400  tons  of  iron  and  steel ;  and  it  may  easily 
l)e  imagined,  that  such  a  cargo  would  produce  an  effect  oa 
the  compass  at  least  equal  to  the  Griper  and  Barracouta ;  and 
this  alone  would  be  quite  sufficient  to  account  for  the  other- 
wise unaccountable  circumstance,  that  after  having  Beachv- 
bead  in  sight  at  6  o^clock  in  the  evening,  the  vessel  should 
have  been  wrecked  upon  the  same  spot  at  1  or  2  o'clock  in 
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the  morning,  without  the  least  apprehension  of  being  at  all 
near  shore*  '* 

,^  The  subjects  are  unquestionably  deserving  of  the  atten- 
tion of  the  first  maritime  nation  in  the  world ;  and  I  am  willing 
to  hope,  that  the  labour  and  attention  I  have  bestowed  on  this 
inquiry  for  the  last  five  years,  will  be  found  advantageous  to 
nautical  science,  and  entitled  to  the  favorable  consideration 
of  those  public  boards,  who  are  its  nathral  patrons  and  pro- 
tectors.'^ 

We  are  gratified  in  having  to  state,  that  the  Board  of  Lon- 

SUude  has  expressed  its  opinion  of  the  importance  of  these 
iscoveries,  by  conferring  ovL  Mr  Barlow  the  largest  premium 
(£500)  allowed  by  the  late  Longitude  Act ;  at  the  same  time 
stating,  that  this  sum  is  not  to  be  considered  as  any  remunera- 
tion for  the  time  and  expenses  bestowed  upon  the  inquiry, 
which  is  recommended  to  be  considered  by  the  Navy  and  Ad- 
miralty Boards,  as  distinct  from  the  above  reward.  We  doubt 
not  that  the  other  pu1[)lic  Boards,  independent  of  Government, 
but  interested  in  the  progress  of  navigation,  will  express  their 
opinion  of  Mr  Barlow's  labours  by  similar  marks  of  appro- 
Imtion. 


After  this  sheet  had  actually  been  prepared  for  going  to 

Eress,  we  learnt  that  Professor  Barlow  and  Lieutenant  Foster 
ad  instituted  a  very  careful  set  of  experiments,  on  board  both 
the  Hecla  and  Fury,  first  without,  and  then  with,  the  Plate. 
We  understand  that  the  results  give  the  strongest  confirmation 
of  all  that  has  been  said  above,  and  that  the  Plate  affords  a 
perfect  correction ;  but  we  have  not  succeeded  in  obtaining 
the  details,  which,  however,  we  hope  to  lay  before  our  read- 
ers in  the  next  Number. 

We  shall  wind  up  with  one  observation,  addressed  to  the 
commercial  public, — namely,  that,  if  any  vessel  be  in  future 
allowed  to  go  to  sea,  and  especially  to  high  latitudes,  with- 
out the  precautions  so  clearly  pointed  out  by  Mr  Barlow, 
the  loss  both  of  property  and  of  lives,  in  the  event  of  ship- 
wreck, may  in  most  cases,  as  we  conceive,  be  fairly  attrilHi- 
table  to  the  owners. 


In  answer  to  a  letter  addressed  to  Professor  Barlow,  on  the 
subject  of  his  Plate,  respecting  which  a  great  degree  of  inte- 
rest has  be^  expressed  at  Leith,  Glasgow,  and  other  ports  in 
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Scotland,  he  Ifas  informed  us,  that  at  present  his  Plate,  mth 
complete  instructions  for  its  use,  will  soon  be  ready  for  sale, 
at  Messrs  W.  and  T.  Gilbert's,  in  London;  and  that  he 
would  recommend  to  them  to  correspond  with  their  agents  at 
the  different  sea-ports,  in  order  to  make  some  arrangements  for 
the  suppJj  of  all  ships.  In  the  mean  time,  he  authorizes  us  to 
announce,  that  he  is  preparing  for  publication,  in  a  popular 
form,  a  minute  description  of  the  method  of  trying  the  experi- 
ments, and  of  a^xing  the  Plate.  We  need  scarcely  promise 
our  readers  to  give  our  pages  gladly  to  the  circulation  of  in- 
structions, contributing  so  directly  to  the  improvement  and 
security  of  navigation. 


Art.  XXIV. — Experiments  on  the  Application  of  Professor  Dtz- 
bereiner^s  recent  Discovery^  to  Eudiometry.*  By  Edward 
Turner,  M;  D.,  Fellow  oi  the  Royal  College  of  Physicians, 
and  Lecturer  on  Chemistry,  Edinburgh.  [Edin.  Philos» 
Jour."] 

Having  observed  with  equal  pleasure  and  surprise  the  sin- 

fular  property  of  spongy  platinum,  recently  discovered  by 
Vofessor  Doebereiner,  it  occurred  to  me  to  investigate  whether 
this  discovery  was  to  afford  simply  an  amusing  experiment, 
or  to  confer  a  benefit  on  science,  by  the  addition  of  a  new 
agent  in  analytical  chemistry.  My  preliminary  trials  were 
flattering,  and  I  therefore  resolved  to  entei'  on  the  investiga- 
tion with  all  possible  regard  to  accuracy. 

Pure  platinum  was  dissolved  in  the  usual  way,  and  precipi- 
tated by  a  solution  of  sal  ammoniac ;  the  yellow  precipitate, 
on  being  ignited,  gjive  metallic  platirtum  in  the  form  of  a  deli* 
cate  porous  mass.  When  a  jet  of  hydrogen  gas  was  thrown 
upoi;^  this  mass,  it  became  instantly  red  hot,  and  in  a  few 
seconds  the  heat  was  so  intense  as  to  inflame  the  hydrogen. 
The  effect  was  greatly  augmented,  by  throwing  a  jet  of  oxy- 
gen upon  the  platinum  at  the  same  time.  A  most  intense 
white  neat  was  then  produced,  accompanied  by  vivid  com- 
bustion of  the  hydrogen,  forming  a  splendid  and  striking  ex- 
periment. 

If  the  platinum  be  brought  in  contact  with  a  mixture  com. 

*  ...    - 

^  Read  before  the  Royal  Society  of  Edinburgh,  ob  the  6tb  •(  April  and  3d 
efMay  1824. 


Prof.  DeAertmer^s  recent  Discavety,  to  Eudumetry*     231 

posed  of  two  volumes  of  hydrogen  to  one  of  ozvgen,  instanta- 
neous action  ensues;  the  metal  becomes  rea  hot,  and  an 
explosion  follows.  Of  course,  it  would  be  hazardous  in  the 
extreme  to  tiy  this  experiment  on  a  considerable  quantity  of 
gas.  The  explosion  does  not  occur  immediately  on  the  in* 
troduction  of  the  metal  into  the  mixed  gases ;  the  combination 
takes  place  at  first  silently  and  gradually,  though  rapidly ;  the 
metal  is  in  consequence  heated,  then  becomes  dull  red,  at  last 
passes  to  bright  redness,  and  at  the  same  moment  the  remain* 
der  of  the  gases  unites  with  an  explosion*  This  succession  is 
commonly  so  rapid  as  to  escape  observation,  but  I  shall  after- 
wards relate  an  experiment  which  shows  the  order  distinctly. 
It  hence  appears  tnat  the  platinum  differs  somewhat  in  its 
mode  of  action  from  electricity;  the  latter  agent  causes  the 
whole  mass  of  gases  to  unite  at  once,  and  an  explosion  is  the 
necessary  consequence ;  whereas  the  platinum  causes  them 
to  explode,  not  by  its  primary  action,  but  through  means  of 
the  heat  disengaged  by  that  action.  Thus,  although  plati- 
num, in  its  state  of  greatest  activity,  will  generally  cause  an 
explosion,  when  brought  in  contact  with  ^th  of  a  cubic  inch 
of  a  very  pure  explosive  mixture;  yet,  if  the  quantity  be  still 
less,  there  is  no  explosion,  since,  before  heat  enough  is  devel- 
oped for  this  effect,  the  whole  gas  is  consumed. 

When  spongy  platinum  is  put  into  a  mixture  of  hydrogen 
and  atmospheric  air,  a  copious  dew  condenses  on  the  surface 
of  the  mercury,  and  this  effect  was  observable,  even  when 
the  hydrogen  bore  a  small  proportion  to  the  whole  quantity 
of  gas  operated  on.  Several  very  interesting  points  of  in- 
quiry were  suggested  by  this  fact;  but,  before  proceeding  to 
their  investigation,  I  found  it  necessary  to  avoid  certain  in- 
conveniences attached  to  the  employment  of  spongy  platinum, 
as  prepared  by  the  ordinary  process.  Its  delicacy,  for  in- 
stance, is  such,  that  it  often  falls  to  pieces  from  the  pressure 
necessary  to  pass  it  under  the  mercury ;  or,  at  all  events,  its 
porous  texture  is  so  much  injured  from  this  cause,  as  to  ren- 
der its  action  irregular.  Another  serious  objection  to  its  em- 
ployment in  this  state,  is  the  facility  with  which  the  mercury 
acts  upon  it,  particularly  when  heated.  I  observed  this  fact 
in  a  very  marked  manner  on  the  following  occasion.  I  had 
warmed  the  platinum  gently  with  the  view  of  increasing  its 
energy ;  but  it  was  no  sooner  plunged  under  the  mercury 
than  an  amalgam  formed,  which  sunk  instantly  to  the  bottom 
of  the  trough.  On  driving  off  the  mercury  by  heat,  I  obtain- 
ed the  platinum  in  a  very  altered  condition ;  for  it  was  firm, 
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and  had  contracted  to  at  least  one  half  of  its  former  volume. 
For  these  reasons,  I  had  recourse  to  the  balls  proposed  bjr 
Professor  Doebereiner.  I  mixed  together  spongy  {^attnum 
and  pipe-clay,  in  different  proportions,  and,  by  the  addi- 
tion of  a  little  water,  made  a  set  of  balls,  about  the  size  of  a' 
pea*  As  the  activity  of  spongy  platinum  in  in  some  way  con- 
nected with  its  porous  texture,  I  endeavoured  to  bring  the 
balls  as  nearly  into  a  similar  condition  as  possible.  With  this 
intention,  a  little  powdered  sal-ammoniac  was  mixed  with  the 
platinum  and  pipe-clay,  and  when  the  balls  had  become  dry, 
they  were  cautiously  ignited  at  the  flame  of  a  spirit-lamp. 
The  sal-ammoniac  escaping  from  all  parts  of  the  ball,  gave  it 
a  degree  of  porosity  which  was  very  favourablie  to  its  action. 
In  this  way  twelve  different  balls  were  formed,  the  exact  com- 
position of  which  I  subjoin. 


No< 


PtotiM. 

Kpe#tey. 

.  1. 

consists  of  6  grai 

ins.  1  gfEin. 

2. 

4 

1 

8. 

3 

1 

4. 

4 

'2 

6. 

4 

4 

6. 

2 

4 

1. 

2 

6 

8. 

1 

6 

Silica. 

9. 

0-26 

06 

1-25 

10. 

0*6 

1-6 

a 

11. 

0-26 

20 

i 

12. 

0-25 

2-0 

1-6 

Siliceous  earth  was  added  to  the  four  last,  since  the  pipe- 
day  alone  made  the  mass  too  tenacious.  I  found  that  any  of 
the  four  first  balls,  the  weakest  of  which  contained  fds  its 
weight  of  platinum,  might  be  very  well  substituted  for  the 
pure  spongy  metal.  Freshly  ignited,  and  allowed  to  cool, 
they  became  red  when  a  jet  of  hydrogen  was  thrown  upon 
them,  and  the  gas  itself  then  took  fire.  Put  in  contact  with 
a  mixture  of  two  measures  of  hydrogen  to  one  of  oxygen, 
they  became  red,  and  an  explosion  followed,  though  not  quite 
so  rapidly  as  when  spongy  platinum  was  used.  For  exam- 
ple, when  I  put  the  ball  No.  2,  in  1*5  cubic  inch  of  the  explo- 
sive mixture,  a  dense  dew  formed  on  the  mercury ;  rapid  di- 
minution succeeded,  and  in  one  or  two  seconds  a  dull  lisht 
appeared,,  which  passed  rapidly  to  vivid  redness ;  but  by  this 
time  alF  the  gas  was  consumed.  With  ball  No.  3.,  the  same 
results  were  obtained.  Had  I  operated  in  these  cases  on  a 
larger  quantity  of  gas,  there  must  have  been  an  explosion^ 


Prof.  Dabereintr^i  recent  Discovery^  to  Eudtometry*    S3S 

To  prove  this,  No.  4  was  put  in  4  cubic  inches  of  the  expio 
sive  mixture;  absorption  with  dense  watery  vapour  first  ap- 
peared :  in  two  or  three  seconds  the  ball  became  dull  red, 
and  passed  rapidly,  but  during  an  appreciable  space  of  time, 
to  vivid  redness,  at  which  moment  an  explosion  happened. 
The  activity  of  these  balls  is  greatly  increased  by  heating  them 
gently :  I  have  known  No.  4  in  that  case  inflame  an  explosive 
mixture  of  less  than  half  a  cubic  inch. 

The  balls  No.  5,  6,  7,  and  8,  though  not  so  powerful  as  the 
preceding,  acted,  nevertheless,  with  considerable  energy.  I 
put  No.  8.,  for  example,  in  four  cubical  inches  of  the  explo- 
sive mixture,  expecting  only  a  silent  action  ;  to  mv  surprise  it 
became  red,  and  caused  an  explosion.  Nor  would  I  venture 
to  put  Nos.  9,  10,  and  1 1.  in  contact  with  much  of  the  explo- 
sive mixture,  for  they  act  with  an  energy  by  no  means  to  be 
expected  from  the  small  quantity  of  platinum  present.  No. 
12.  was  put  into  a  half  cubical  inch  of  the  explosive  mix- 
ture :  a  very  sluggish  action  ensued,  but  in  the  space  of  five 
minutes  the  gases  were  completely  condensed. 

These  experiments  will  convey  a  distinct  idea  of  the  extra- 
ordinary power  of  platinum,  in  causing  the  combination  of 
oxygen  and  hydrogen  eases,  even  when  the  quantity  of  metal 
present  does  not  exceed  one  quarter  of  a  grain,  and  that  made 
up  into  a  ball  with  fourteen  times  its  weight  of  foreign  matter. 
It  is  necessary  to  mention,  that  the  gases  I  used  in  these  ex- 
periments were  of  great  purity,  quite  dry,  and  mixed  in  the 
exact  proportion  to  form  water.  The  oxygen  was  carefully 
prepared  from  dry  chlorate  of  potash,  and  received  over  mer- 
cury. I  prepared  the  hydrogen  from  zinc  and  dilute  sulphu- 
ric acid,  and  collected  it  in  a  gas-holder  over  water.  Suc- 
cessive portions  of  it  were  drawn  ofi*  when  required,  and  dried 
over  mercury  by  fused  potash.  In  the  more  delicate  experi- 
ments I  always  ascertamed  its  purity,  and  made  due  correc- 
tion for  the  air  it  contained.  If  the  gases  are  not  mixed  in 
the  proper  proponion  to  form  water,  a  silent  but  rapid  combi- 
Bation  IS  produced.  I  have  never  had  any  explosion  when 
one  volume  of  hydrogen  was  mixed  with  four  of  oxygen,  nor 
when  one  of  oxygen  was  added  to  four  of  hydrogen.  At- 
mospheric air  and  hydrogen  may  be  mixed  in  any  proportion 
without  danger  of  explosion. 

The  ball  itself  suffers  no  chemical  chan^ ;  at  least  I  have 
used  the  same  one  in  fifty  different  experiments,  without  ob- 
serving the  least  diminution  of  its  energy.  Its  activity  does 
indeed  diminish  after  repeated  use,  if  not  ignited  during  the 
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experiments,  but  is  completely  restored  by  heating  the  ball 
to  redness.  The  method  I  pursued  in  all  the  succeeding  ex- 
periments, was  to  throw  the  flame  of  an  oil  or  Bpiht  lamp 
upon  the  ball,  by  means  of  a  blowpipe,  s6  as  to  keep  it  in- 
tensely hot  for  the  space  of  one  minute,  after  which  it  wa« 
allowed  to  sink  to  the  temperature  of  the  room  befwe*  being 
used.  Sometimes,  however,  it  was  necessary  to  plunge  the 
ball  through  mercury  while  strongly  heated,  and  this  occa- 
sionally destroyed  its  action  most  completely ;  though  its  ener- 
gy was  restored  by  keeping  it  for  a  few  minutes  in  the  strongest 
heat  of  the  blowpipe.  1  have  sometimes  observed  the  energy 
of  an  active  ball  so  completely  destroyed  by  passing  it 
through  mercury,  that  it  did  not  produce  the  slightest  eSect 
in  a  highly  explosive  mixture. 

Eleven  volumes  of  atmospheric  air  were  mixed  with  one 
volume  of  hydrogen.  An  electric  spark  was  passed  through 
one  portion  of  the  mixture,  and  the  ball  No.  3.  brought  in 
contact  with  another.  Detonation  occurred  in  the  first  case, 
and  in  the  second,  diminution  of  the  volume  of  gas,  with  de- 
position of  water.  A  strong  charge  of  electricity  was  passed 
through  a  mixture,  composed  of  13  air  to  1  hydrogen,  without 
any  detonation ;  whereas  the  balls,  Nos.  3  and  5.,  afterwards 
caused  immediate  diminution.  Repeated  strong  charges  from 
a  Leyden  jar  were  sent  through  a  mixture  of  15  au*  to  1  hy- 
drogen, without  any  detonation,  while  balls  Nos.  3  and  5. 
acted  instantly.  A  mixture,  composed  of  19  air  to  1  hydro- 
gen, was  not  at  all  influenced  by  electricity ;  but  balls  Nos. 
3  and  7.  caused  formation  of  water,  as  did  No.  8.  when  warm. 
The  ball  No.  3  was  put  into  a  mixture,  composed  of  1  volume 
of  hydrogen  to  4  of  air:  an  abundant  deposition  of  water  fol- 
lowed ;  and  in  one  minute  after  the  entrance  of  the  ball,  the 
residual  gas  was  transferred  into  a  eudiometer  and  electrified, 
but  without  any  detonation.  The  very  same  occurred  in  a 
mixture  of  5  air  to  1  hydrogen.  Ball  No.  3.  had  a  distinct 
action  in  mixtures  of  30  and  40  air  to  1  of  hydrogen. 

It  is  then  apparent  from  these  experiments,  that  the  plati- 
num balls  caused  the  formation  of  water,  when  a  strong  elec- 
trical charge  did  not  do  so.  It  appears,  too,  that  the  balls 
acted  so  powerfully  in  a  mixture  of  air  and  hydroejen,  that 
electricity,  afterwards  employed,  had  no  eflTect.  The  plati- 
num is  likewise  shown  to  act  with  great  velocity ;  for,  after 
the  short  space  of  one  minute,  so  large  a  quantity  of  hydro* 

fen  had  disappeared,  that  the  residual  gas  was  not  explosive, 
have,  within  a  few  days,  seen  a  short  article  by  Professor 
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Gmelin  of  Tubing^o,  published  m  a  recent  number  of  the  An- 
naUs  de  Chimit  et  dt  Plij/nque^  in  which  he  states,  that  a  mix- 
ture of  air  and  hydrogen,  after  it  had  been  acted  on  bj  pla- 
tinum, still  contained  so  much  hydrogen  as  to  detonate  from 
the  electric  spark*  He  concludes,  therefore,  and  justly,  were 
bis  experiments  correct,  that  platinum  cannot  be  employed  in 
eudiometry.  He  does  not  mention  how  he  operated,  and 
therefore  1  cannot  perceive  the  source  of  his  error. 

I  now  proceeded  to  inquire,  whether  the  exact  quantity  of 
kydrogen  was  iadicated  by  the  action  of  platinum* 

In  a  mixture  of  5  air  to  1  hydrogen  the  diminution  occasion- 
ed by  an  active  ball  indicated  within  a  fraction  the  quantity 
of  hydrc^en  present ;  and  in  a  mixture  of  9  air  to  1  hydrogen 
the  quantity  of  the  latter  was  again  correctly  indicated* 

These  experiments  were  performed  once  and  again  with 
similar  results* 

In  mixtures  of  13  air  to  1  hydrogen,  15  to  1,  17  to  1,  and 
19  to  1,  the  quantity  of  hydrogen  was  very  accurately  indi- 
cated, and  the  brilliancy  of  the  mercury  round  the  ball  was 
in  each  case  sullied  .by  the  formation  of  dew* 

1  mixed  5  volumes  of  hydrogen  with  500  of  air,  or  in  the 
exact  proportion  of  1  :  100,  The  ball  No.  2.,  gently  warm- 
ed, was  pnt  into  180  volumes  of  this  mixture,  which,  of  course, 
contained  1*8  of  hydrogen,  in  half  an  hour  there  was  dimi- 
DUtion  of  3  volumes,  which  indicates  the  presence  of  2  4iy- 
drogen* 

The  ball  No*  2*,  gently  warmed,  was  put  into  186  volumes 
of  the  same  mixture,  containing  of  course  1*86  hydrogen*  In 
three  quarters  of  an  hour  there  was  a  diminution  of  2*8,  which 
indicates  the  presence  of  exactly  1.86  hydrogen* 

No  2,  gently  warmed,  was  put  into  132  volumes  of  the  same 
mixture,  containing  1*3  volumes  of  hydrogen*  In  three  quar- 
ters of  an  hour  there  was  a  diminution  of  2.5,  which  indi- 
cates 1*6  hydrogen* 

These  experiments  were  made  in  a  tube,  of  0*4  in6h  inter 
nal  diameter,  divided  into  deci-millilitres,  with  such  accuracy, 
that  I  could  measure  to  within  one  quarter  of  a  deci-millilitre, 
or  the  650th  of  a  cubic  inch*  In  a  tube  of  such  small  diame- 
ter,  a  much  longer  time  is  requisite  for  perfect  action  than  in 
a  more  capacious  vessel,  since  in  a  jar  of  1 .3  inch  diameter, 
the  effect  is  quite  complete  in  five  minutes*  In  all  such  ex- 
periments as  the  preceding,  where  great  nicety  of  observation 
IS  necessary,  the  thermometer  was  always  observed,  and  due 
correction  made  for  the  least  difference*    The  duration  of 
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the  ex^riments  was  not  cousiderable  enough  to  render  ba 
roinetrical  observations  requisite,  more  particularly  as  I  drew 
no  inference  from  single  experiments.  1  think  it  then  fair 
to  conclude,  that  hydrogen  maj  be  detected  in  atmospheric 
air  by  platinum,  when  it  does  not  exceed  y^^th  of  the  whole 
yolume ,  it  follows  too,  if  mj  experiments  are  not  in  fault, 
and  I  took  all  possible  care  to  avoid  error,  that  even  the  quan- 
tity of  hydrogen  under  such  circumstances  is  exactly  indi- 
cated. 

A  mixture  of  6  volumes  of  oxygen  to  1  hydrogen  was  fired 
by  electricity,  and  a  platinum  ball  was  brought  in  contact 
w  th  the  residue,  but  occasioned  no  diipinution. 

A  mixture  of  8  volumes  of  oxygen  to  1  hydrogen  was  fired 
by  electricity.  The  residue  was  not  at  ail  diminished  by 
platinum. 

A  mixture  of  9  volumes  of  oxygen  to  1  of  hydroeen  was 
fired  by  electricity.  The  diminution  was  quite  to  the  sufEt- 
cient  extent,  nor  had  platinum  any  effect  upon  the  residue. 

In  a  mixture  of  1 1  parts  of  oxygen  with  1  of  hydrogen, 
electricity  occasioned  only  a  feeble  detonation,  attended  with 
I>artial  decrease  of  volume,  but  a  platinum  ball  caused  forma- 
tion of  water  in  the  residue. 

A  mixture  of  13  oxygen  to  1  hydrogen  was  acted  on  by 
electricity  and  platinum,  just  as  in  the  preceding  case. 

A  mixture  of  1 5  volumes  of  oxygen  and  1  hydrogen  wa9 
electrified,  without  either  detonation  or  decrease  in  volume. 
The  ball  No.  2.  then  caused  a  diminution,  which  indicated 
the  exact  quantity  of  hydrogen. 

These  results  with  respect  to  the  influence  of  electricity 
correspond  exactly  with  the  .experiments  of  MM.  de  Hum- 
boldt and  Gay  Lussac,  detailea  in  the  Journal  de  Physique 
for  1805. 

1  made  various  mixtures  of  oxygen  and  hydrogen,  in  which 
the  latter  was  ^wihy  ^T^th,  ^V^i  tV^^?  'ir^^t  ^^  ^^^  whole  mass, 
and  in  all  these  cases  ball  No.  3.  caused  a  diminution,  which 
indicated  the  quantity  of  hydrogen  with  much  accuracy.  In 
the  two  last  experiments  the  ball  was  slightly  warmed. 

7  volumes  of  hydrogen  were  mixed  with  700  volumes  of 
oxygen,  being  the  exact  proportion  of  I  :  100.  The  ball  No. 
3.  gently  warm,  was  put  into  138  volumes  of  this  mixture. 
The  process  was  conducted  in  a  capacious  iar;  the  gases  were 
carefully  transferred  into  the  graduated  tube  at  the  end  of  10 
minutes,  and  the  diminution  was  3  volumes.  Hence  3  volumes 
of  hydrogen  were  indicated,  while  1.38  were  present. 
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Ball  No.  %  was  put  iato  186  volumes  of  the  same  mixture, 
iRfhich  was  allowed  to  remaiu  in  the  graduated  tube  for  half 
an  hour,  when  the  diminution  amounted  to  4  volumes.  2.6 
-volumes  of  hydrogen  were  therefore  indicated,  while  only 
1.86  were  present. 

Though  there  is  a  very  slight  error  of  observation  in  both 
these  experiments,  we  may  nevertheless  safely  infer  that  hy- 
drogen may  be  detected  in  oxygen  gas,  and  its  quantity  as- 
certained with  accuracy  by  platinum,  when  it  docs  not  ex- 
ceed -ji^th  of  the  whole  volume.  To  detect  any  unforeseen 
source  of  error,  I  performed  the  following  experiment.  No.  2. 
gently  warm  was  put  into  187.5  volumes  of  atmospheric  air, 
dried  by  fused  potash,  and  was  left  there  three  quarters  of  an 
hour;  after  this  interval  the  air  measured  189,  which  is 
187.5  +1*5  the  space  occupied  by  the  ball.  I  had  ascertain- 
ed, by  some  preliminary  trials,  that  platinum,  though  strongly 
heated,  coula  not  cause  the  combination  of  oxygen  and  nitro- 
gen, as  electricity  does;  and  this  is  confirmed  by  the  forego- 
mg  experiment.  It  shows,  too,  that  atmospheric  air  contains 
either  no  hydrogen,  or  so  very  small  a  quantity  as  not  to  be 
rendered  visible  by  the  action  of  platinum. 

Different  portions  of  oxygen  were  added  to  hydrogen  gas, 
and  the  electric  spark  passed  through  the  mixtures.  When 
9  volumes  of  hydrogen  were  mixed  with  1  of  oxygen,  electri- 
city occasioned  detonation ;  but  when  they  were  mixed  in 
ihe  proportion  of  11  to  1,  a  strong  charge  from  a  Leyden-jar 
caused  neither  detonation  nor  diminution.  Platinum,  how- 
ever, caused  immediate  formation  of  water,  and  the  quantity 
of  oxygen  was  indicated  by  the  diminution. 

I  mixed  3  volumes  of  oxygen  with  300  of  hydrogen  gas, 
with  which  a  platinum-ball  had  been  in  contact  for  some 
hours.  The  ball  No.  2.,  recently  ignited,  but  quite  cold,  was 
put  into  112  volumes  of  this  mixture.  In  half  an  hour  there 
was  a  diminutioifof  4  volumes,  which  indicates  the  presenre 
of  1.3  oxygen,  while. l.l  was  the  quantity  present.  The 
same  ball  was  put  into  154  volumes  of  the  same  mixture. 
In  half  an  hour  there  was  a  diminution  of  5.5  volumes,  which 
indicates  1.8  oxygen,  while  1.5  was  the  quantity  present. 

From  these  experiments,  it  is  apparent  that  the  presence  of 
hydrogen  gas  in  oxygen  or  atmospheric  air,  or  of  oxygen  gas 
in  hydro^n,  may  be  detected,  and  the  exact  quantity  of 
either  indicated  by  the  action  of  platinum.  It  is  clear,  like- 
wise, that  analvtical  chemistry  has  hitherto  possessed  no 
agent  of  equal  clelicacy  for  these  gases^  and,  therefore,  that 
platinum  may  be  used  with  great  advantage  in  eudiometry. 
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To  put  this  conclusion  to  the  test  of  experiment,  I  now  pro- 
ceeded to  an  analysis  of  atmospheric  air*  A  jar  AiH  of  the 
air  of  my  apartment  was  dried  over  mercury,  and  de- 
prived of  carbonic  acid  by  fused  potash ;  known  quantities 
of  this  air,  mixed  with  hvdrogen,  were  exposed  to  the  action 
of  an  active  platinum-ball. 

1st.  Exp.    The  result  was  21.8  of  Oxygen  per  cent. 
2d   Rxp.  223 

8d   £xp.  21.7 

The  two  first  were  performed  in  the  narrow  graduated  tube, 
and  lasted  half  an  hour ;  the  third  was  conducted  in  a  capa- 
cious jar,  and  was  over  in  five  minutes. 

The  large  quantity  of  oxygen  indicated  by  these  experi- 
ments surprised  me  much,  and  I  was  at  a  loss  to  conjecture 
whether  this  arose  from  the  quantity  of  oxygen  in  the  atmos- 
phere being  actually  greater  than  was  generally  supposed,  or 
whether  there  was  not  some  source  of  error  common  to  all  the 
three  experiments.  It  occurred  to  me,  that  the  oxygen  of  the  air 
contained  in  the  hydrogen,  as  impurity,  might  perhaps  be 
made  lo  combine  with  a  portion  of  hydrogen  during  the  ex- 
periment, and  thus  occasion  a  greater  diminution  than  there, 
really  ought  to  have  been.  It  will  be  readily  inferred  from 
^ome  preceding  experiments  that  this  did  occur.  I  was  not, 
however,  aware  of  the  circumstance  on  the  present  occasion, 
for  this  analysis  was  made  prior  to  the  experiments  to  which 
I  allude.*  Acting  upon  this  supposition,  1  left  an  active  ball 
during  the  night  in  contact  with  the  hydrogen  which  I  intend- 
ed to  use  on  the  following  day.  I  now  made  six  experiments 
with  great  care,  allowing  the  action  to  go  on  at  one  time  in  the 
graduated  tube,  at  another  in  a  capacious  jar.  In  the  latter 
case  the  diminution  had  attained  its  maximum  in  five  or  ten 
minutes,  while  half  an  hour  was  necessary  in  the  former. 
The  residue  was  dried  by  fused  potash  before  being  measur- 
ed, and  due  correction  made  for  change  of  temperature. 

Exp.  K  indicated  20.3  percent,  of  Oxygen. 

Exp.  2.  20.3 

Exp.  3.  20.7 

Exp.  4.  21.0 

Exp.  6.  21.3 

Exp.  6.  21.7 

The  mean  of  these  six  experiments  is  20.88,  so  that  we  may 

*  To  pot  this  beyond  a  doubt,  a  plalinum  ball  was  put  into  a  known  quan- 
tity of  hydrogen,  it  did  -at  first  occasion  a  slight  diminution  of  voTuroe, 
proportionate  to  the  quantity  of  air  present,  but  afterwards  had  no  fiirther 
actioo  on  th«  gas. 
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safely  assume  21  to  be  the  correct  number,  which  agrees  verj 
accurately  with  our  best  analyses  upon  this  subject. 

The  action  of  platinum  affords  a  neat  and  expeditious 
method  of  ascertaining  the  purity  of  hydrogen  or  oxygen*  It 
is  easy,  too,  to  prepare  nitrogen  of'  crcat  purity,  by  adding 
just  sufficient  hydrogen  to  combine  with  all  the  oxygen  of  a 
known  quantity  of  air,  and  putting  a  platinum-ball  into  the 
mixture. 

It  appeared  to  me  at  a  very  early  period  of  this  investiga- 
tion, that  spong7  platinum  might  be  expected  to  produce  Oie 
composition  and  decomposition  of  gases,  whenever  the  electric 
sparlc  succeeded  in  doing  so.  Professor  Dcebereiner  had 
himself  found,  that  mixtures  of  carburetted  hydrogen  and 
carbonic  oxide  with  oxygen  gas  were  made  to  combine  by 
this  agent.  MM.  Dulong  et  Thenard  have  observed,  that,  m 
a  mixture  oi  hydrogen  and  nitrous  gas,  spongy  platinum  occa- 
sioned the  decomposition  of  the  latter,  with  formation  of  water 
and  ammonia  ;  and  that  it  acted  likewise  on  a  mixture  of  hydro- 
gen and  nitrous  oxide.  My  friend  Mr.  Blundell,  a  most  in- 
telligent and  promising  student  of  this  University,  has  like- 
wise noticed  some  interesting  facts  of  the  same  nature.  He 
finds  that  platinum  causes  hydrogen  to  unite  with  chlorine, 
and  with  the  elements  of  euchlorine  gas;  and  has  likewise 
observed  other  facts  of  a  similar  nature.  In  a  few  observa- 
tions, read  some  weeks  ago  before  the  Royal  Medical  Society, 
I  suggested  the  probability  that  the  same  agent  would  make 
iodine  and  hydrogen  combine  ;  and  though  T  have  not  myself 
had  leisure  to  examine  this  subject  with  care,  yet  Mr  Blundell 
informs  me  he  has  succeeded  in  forming  hydriodic  acid  in 
this  way. 

Several  of  tliese  experiments  I  have  myself  repeated,  and 
found  perfectly  correct.  My  attention,  however,  was  chiefly 
directed  to  the  action  of  platinum  on  mixtures  of  oxygen  witn 
olefiant  gas,  with  coal  gas,  and  with  carbonic  oxide.  Not- 
withstanding the  ingenious  researches  of  Dr  Henry,  a  method 
of  separating  hydrogen,  light  carburetted  hydrogen,  and  car- 
bonic oxide,  from  one  another,  is  still  a  great  desideratum 
in  analytical  chemistry ;  and  I  entertained  some  hope  that 
platinum  might  prove  useful  in  this  point,  of  view.  My  at- 
tempts to  apply  it  to  the  analysis  of  these  gases  have  failed, 
but  as  I  have  examined  this  subject  with  considerable  care, 
it  may  not  be  uninteresting  to  relate  some  of  the  experiments. 

A  jet  of  coal-gas,  procured  from  the  city  gas-pipes,  was 
thrown  upon  freshly  ignited  spongy  platinum*    At  the  first 
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moment  a  particle  of  the  metal  became  luminous,  but  the 
light  disappeared  on  the  instant,  nor  have  I  been  able,  upon 
any  subsequent  occasion,  to  reproduce  the  same  phenomenon, 
though  platinum,  freshly  reduced,  and  in  a  state  of  great  ac- 
tivityf  was  employed  for  the  purpose,  A  jet  of  coal-gas  and 
oxygen  from  separate*  vessels  was  thrown  upon  spongy  plati- 
num, without  the  ieast  luminous  appearance  whatever;  but  if 
the  metal  be  first  strongly  heated  before  the  blow-pipe,  and  a 

1'et  of  coal-gas  be  thrown  upon  it  immediately  after  all  light 
las  disappeared,  the  platinum  quickly  becomes  red,  and  will 
continue  so  for  any  length  of  time.  A  vivid  light  is  emitted, 
but  the  gas  itself  is  not  enflamed.  This  result  would,  a  priori^ 
be  expected,  because  the  heat  necessary  to  inflame  an  explo* 
sive  mixture  of  coal-^as  and  atmospherical  air,  is  greater  than 
the  white  heat  of  solid  bodies. 

Coal-gas  was  mixed  with  rather  more  than  twice  its  vol* 
ume  of  oxygen.  I  heated  a  piece  of  spongy  platinum  to  vivid 
redness ;  put  it  quickly  on  a  little  basin  of  platinum-foil,  float- 
ing on  the  mercury,  and  covered  it  with  a  jar  full  of  the  ex- 
plosive mixture.  Watery  vapour  condensed  on  the  surface 
of  the  mercury,  the  platinum  became  red,  and  rapid  diminu- 
tion followed :  the  redness,  however,  speedily  disappeared, 
and  the  progress  of  the  operation  was  arrested  long  before 
either  gas  was  consumed^  The  platinum  was  left  two  hours 
after  this  in  contact  with  the  residue,  but  did  not  cause  any 
marked  reduction  of  its  volume.  The  carbonic  acid  was  ab- 
sorbed by  fused  potash,  and  the  remainder  detonated  strongly 
wifh  the  electric  spark.  This  experiment  was  several  times 
repeated  with  a  similar  result.  It  is  curious  that  the  process 
was  in  each  case  so  quickly  interrupted,  for  it  is  obvious 
that  heat  enough  would  be  generatea  for  its  continuation. 
The  cause  is  to  be  sought  in  the  atmosphere  of  carbonic  acid 
gas,  which,  as  it  forms,  collects  around  the  platinum,  and  thus 
prevents  an  adequate  supply  of  the  explosive  mixture  from 
reaching  the  metal,  till  its  temperature  has  fallen  below  the 

S>int  at  which  the  combination  can  go  on.  I  heated  the  balls 
o.  1.  and  3,  in  a  similar  manner,  and  covered  them  with  a 
jar  full  of  the  -explosive  mixture  of  coal-gas  and  oxygen. 
Rapid  action  ensued,  without  any  visible  redness ;  the  pro- 
cess ceased  when  much  of  the  mixture  remained,  and  after 
the  carbonic  acid  had  been  absorbed  by  potash,  a  spark  of 
electricity  exploded  the  residue. 

A  mixture  of  coal-gas  and  oxygen  was  divided  into  three 
portions^  .  Pure  spongy,  platinum  was  put  into  one  portion, 
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and  the  halls  No.  1.  and  2.  into  the  others,  all  being  cold ;  no 
immediate  action  ensued,  and  the  diminution  after  twelve  hours 
was  very  slight;  traces  of  carbonic  acid  were  discoverable' 
by  Ume-watcr,  which  shows  that  some  chemical  chetngp 
had  been  occasioned.  The  experiment  was  repeated,  with 
this  difference  only,  that  the  mixtures  were  heated  to  near 
the  boiling  }X)int  of  mercury.  The  diminution  was  now  great- 
er than  before,  and  more  carbonic  acid  had  formed,  but  the 
residue  was  still  explosive. 

Coal-gas  and  hydrogen  were  mixed  in  various  proportions, 
and  (o  each  mixture  sufficient  oxygen  was  added  for  com- 
plete combustion* 

When  the  coal-gas  was  to  the  hydrogen  at  3  : 1,  No.  2.  had 
no  immediate  action,  at  common  temperatures ;  but  if  ignited  be- 
fore the  blowpipe,  and  then  plunged  rapidly  into  the  mixture, 
just  after  it  had  ceased  to  be  red,  an  immediate  diminution  of 
volume  followed,  and  the  ball  became  luminous. 

When  the  coal-gas  and  hydrogen  were  as  2 : 1,  the  ball  Na 
2.,acted  precisely  as  in  the  preceding  experiment.  The  same 
occurred  when  tne  gases  were  as  3 ;  2.  When  they  were  in 
the  proportion  of  2  :  S,  and  the  ball  was  heated  so  as  just  to 
be  borne  on  the  hand,  a  rapid  diminution  of  volume  succeed- 
ed, without  emission  of  light.  The  ball  likewise  acted,  though 
with  far  fess  energy,  when  cold. 

When  the  coal-gas  and  hydrogen  were  as  1  :  2,  the  ball 
acted  nearly  in  the  same  manner  as  before,  though  with  more 
«nergy.  , 

In  all  these  experiments  there  was  copious  production  of 
carbonic  acid,  but  the  residue  still  contained  an  explosive 
mixture.  The  coal-gas,  as  obtained  from  the  pipes,  always 
contains  some  carbonic  acid,  which,  of  coui'se,  was  previously 
removed  by  potash. 

Olefiant  gas,  carefully  prepared  and  well  dried,  was  mixed 
with  three  times  its  volume  of  oxygen.  Spongy  platinum,  as 
well  as  the  balls,  had  hardly  any  action  upon  this  mixture, 
when  cold  or  gently  warm.  Heated  to  near  the  boiling  point 
of  mercury,  a  partial  action  succeeded,  with  production  of 
carbonic  acid.  A  platinum  ball  was  heated  to  vivid  redness 
before  the  blowpipe,  and  then  introduced  quickly  into  the 
mixture ;  it  acted  with  energy,  for  there  was  on  the  instant  a 
copious  production  of  water  and  carbonic  acid,  but  still  the 
residue  contained  some  explosive  mixture. 

Olefiant  gas  and  hydrogen  were  mixed  in  various  propor- 

V0L.  lU  NO.  3.  31 


342        Dr  Turner's  Exptrimtnta  en  the  Application  0/ 

lions,  and  supplied  with  sufficient  oxygen  for  complete  com* 
bustion.  I 

When  the  hydrogen  bore  a  small  proportion  tq  the  olefiant 
'  gas,  a  platinum-ball  or  the  pure  metal  had  no  more  effect  than 
when  no  hydrogen  was  present. 

When  equal  parts  of  these  gases  were  present,  a  platinum 
ball  had  very  little  effect  when  cold,  but  if  introduced  when 
heated  till  it  could  be  barely  held  in  the  hand,  it  caused  a 
copious  deposite  of  dew,  with  rapid  diminution  of  volume. 
The  residue  was  explosive. 

A  cold  platinum-ball  had  very  little  effect  when  the  ole- 
fiant gas  was  to  the  hydrogen  as  1  :  2,  but  if  gently  warm  it 
acted  vigorously,  and  I  have  thus  obtained  even  the  entire 
consumption  of  the  mfiammable  mixture,  though  this  effect 
cannot  oe  relied  on. 

A  platinum-ball,  strongly  heated,  was  put  into  a  similar 
mixture,  containing  olefiant  gas  and  hydrogen  in  the  propor- 
tion of  1  :  3.  It  caused  a  dense  deposite  of  dew  at  the  mo- 
ment of  its  introduction,  became  red  hot,  and  set  fire  to  the 
mixture,  which  exploded  with  great  violence. 

Carbonic  oxide  gas  was  made  the  subject  of  similar  experi- 
ments. A  platinum-ball  was  put  into  a  mixture  composed  of 
equal  parts  of  this  gas  and  oxygen,  without  any  immediate 
eftect :  some  diminution  had  taken  place  in  the  course  of  a 
few  minutes,  which  was  not  much  greater  in  twenty-four  hours. 
A  little  carbonic  acid  had  been  formed,  however,  on  the  ab- 
sorption lof  which,  the  residual  gas  was  found  strongly  explo- 
sive. Pure  spongy  platinum  acted  in  a  similar  manner.  Balls 
No.  1  •  and  2.  were  brought  in  contact  with  different  portions 
of  a  similar  mixture,  soon  after  they  had  ceased  to  be  red 
hot.  Rapid  diminution  succeeded,  and  carbonic  acid  was 
formed  abundantly,  but  the  residual  gas  was  still  explosive. 

Spongy  platinum  was  made  red  hot,  and  immediately  after 
ceasing  to  be  luminous,  was  covered  by  a  jar  of  a  similar  mix- 
ture. The  redness  quickly  reappeared,  and  the  moment  it 
did  so,  the  gas  exploded.  Sir  H.  Davy  has  shown  that  a 
mixture  of  carbonic  oxide  and  oxygen  is  inflamed  by  a  heat 
considerably  lower  than  is  required  by  an  explosive  mixture 
of  oxygen  and  hydrogen  gases,  a  fact  with  which  the  preced- 
ing experiment  entirely  corresponds. 

jMixtures  of  carbonic  oxide,  hydrogen,  and  oxygen,  were 
made  in  different  proportions,  and  brought  in  contact  with 
platinum  at  various  temperatures.  The  results  of  these  ex- 
periments, however,  are  so  nearly  analogous  to  those  already 
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related^  that  I  need  not  give  them  in  detail.  Small  quantities 
of  hydrogen  are  not  rendered  obvious  by  the  platinum ;  and 
the  whole  of  an  explosive  mixti  re  is  not  consumed,  unless  the 
hydrc^en  bear  a  large  proportion  to  the  carbonic  oxide,  and 
the  ball  be  heated. 

It  appears  from  these  experiments,  that  platinum  can  give 
us  no  aid  in  separating  these  different  gases  from  one  another. 
They  shew,  however,  one  very  singular  fact,  namely,  that 
^eat  as  the  power  of  platinum  is  in  effecting  the  combina* 
tion  of  oxygen  and  hydrogen,  the  presence  of  certain  gaset 
has  a  very  extraordinary  influence,  in  diminishing  that  power. 
This  observation  has  naturally  led  me  to  inquire  into  the 
causes  which  influence  the  action  of  platinum ; — an  inquiry 
intimately  connected  with  the  direct  object  of  this  paper,  but 
which  I  have  undertaken,  not  only  on  that  account,  but  like- 
wise with  the  design  of  drawing  a  parallel  between  platinum 
and  electricity,  relative  to  their  action  on  explosive  mixtures. 

[To  be  continued.'] 


Art.  XXV.  jJ  discriptive  Account  of  the  several  Processes  which 
are  usually  pursued  in  the  Manufacture  of  the  Article  known 
in  Commerce  by  the  name  of  Tir^Plate.  By  Samcjel 
Parses,  F.  L.  S.  <^c.  Abridged  from  a  paper  read  before  the 
Philosophical  Society  of  Manchester* 

Enoush  bar-iron  of  the  finest  quality,  called  tin-iron,  and 
which  is  generally  prepared  with  charcoal  instead  of  mineral 
coke,  and  made  with  the  greatest  care,  for  this  particular 
purpose,  is  first  cut  to  the  necessary  length,  and  then  rolled 
at  tne  mill,  by  a  process  which  is  peculiar  to  this  manufac- 
ture, into  plates  of  the  requisite  thinness,  and  of  such  form 
as  is  suitable  for  the  business.  These  plates  are  then  cut  by 
hand-shears  to  the  sizes  suitable  to  the  different  markets. 
And  as  the  shearer  shears  the  plates,  he  piles  them  in  heaps, 
occasionally  putting  one  plate  the  cross  way,  to  keep  each 
box  separate.  Two  hundred  and  twenty-five  plates  are 
called  a  box,  but  they  are  not  put  into  boxes  of  wood  in  this 
stage  of  the  operation.  The  iron  plates  now  go  into  the  hands 
of  the  scaler^  who  takes  them  from  the  shear-house,  and  bends 
each  of  them  singly  across  the  middle,  into  this  form  A?  pre-> 
paratory  to  their  being  cleaned  for  tinning,  and  for  the  con- 
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veniency  of  putting  them  into  the  scaling  furnace,  as  will  be 
more  fully  explained  hereafter. 

This  furnace,  or  oven,  is  heated  hy  flame  thrown  into  it  from 
a  fire-place  of  a  peculiar  construction,  and  it  is  this  flame  that 
scales  the  plates,  which  are  put  into  the  oven  in  rows,  and 
arranged  three  in  each  row,  until  the  oven  is  full.  It  will 
be  obvious  that  if  they  lay  flat  on  the  floor  of  the  oven,  the 
flame  could  play  only  on  one  side  of  each  plate,  whereas,  by 
being  bent  in  the  form  already  described,  the  flame  can  ope- 
rate equally  on  both  sides.  It  may  here  be  remarked  that 
the  form  of  all  tin-plates,  one  sort  excepted,  is  that  of  a  paral- 
lelogram, and  that  if  a  piece  of  stifl"  paper,  'or  paste-board, 
13|  inches  long,  and  10  inches  wide,  be  bent  in  the  centre  at 
an  angle  of  about  sixty  degrees,  and  then  put  to  stand  on  the 
two  ends,  we  shall  have  the  form  of  a  plate  No.  1.  properly 
bent  for  the  scalmg  oven. 

The  operation  of  cleansing^  as  it  is  called,  and  which  is 
preparatory  to  the  process  of  scaling,  is  commenced  by  steep- 
ing the  plates  for  the  space  of  four  or  five  minutes,  in  a  mix- 
ture of  muriatic  acid  and  water,  in  the  proportion  of  four 
pounds  of  acid  to  three  gallons  of  water.  This  quantity  of 
the  diluted  acid  will  generally  be  sufficient  for  eighteen  hun- 
dred plates,  or  eight  boxes  of  225  plates  each. 

When  the  plates  have  been  steeped  for  the  time  prescribed, 
they  are  taken  out  of  the  liquor,  and  placed  upon  the  floor, 
three-in  a  row,  and  then  by  means  of  an  iron  rod  put  under 
them,  thej'^  are  conveyed  to  a  furnace  heated  red-hot,  where 
they  remain  until,  the  heat  takes  off*  the  scale,  the  removal  of 
which  was  the  object  in  submitting  them  to  that  high  tem- 
perature. 

When  this  is  effected,  the  plates  are  taken  to  a  floor,  where 
they  are  suffered  to  cool — they  are  then  straightened,  and 
beaten  smooth  upon  a  cast-iron  block.  The  workman  knows 
by  the  appearance  of  the  plates  during  this  operation,  whether 
they  have  been  well  scaled — for  if  they  have,  that  is,  if  the 
rust  or  oxide  which  was  attached  to  the  iron,  has  been 
properly  removed,  they  will  appear  mottled  with  blue  and 
white,  something  like  marbled  paper.  The  operation  we 
have  been  describing  is  called  scaling. 

As  it  is  impossible  the  plates  can  go  through  this  process 
without  being  in  some  measure  warped,  or  otherwise  disfigur- 
ed, they  arc  now  rolled  a  second  time,  between  a  pair  of  cast- 
iron  rollers,  properly  hardened  and  finely  polished.  This 
operation  makes  both  sides  of  the  plates  perfectly  smooth, 
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and  imparts  a  sort  of  polish  to  their  surfaces.    These  rollers 
are  each  about  17  inches  lone,  and  12  or  13  inches  in  diame* 
ter — but  I  am  inclined  to  thinK  that  if  the  diameter  was  great- 
er,* they  would  set  the  plates  flatter,  and  do  ihe  work  better  ,^ 
in  every  respect. 

The  technical  name  of  this  apparatus  is  rolls^  not  rollers^ 
All  the  rolls  which  are  employed  in  rolljng  plates,  either  hot 
or  cold,  hi  this  manufactory,  are  hard  rolls — and  there  is  as 
much  difference  between  a  pair  of  hard  cast-iron  rolls,  and  a 
pair  of  soft  rolls^  although  they  may  both  be  run  out  of  the 
same  pot  of  metal,  as  there  is  between  iron  and  steel.  The 
workmen  inform  me  that  the  difference  is  entirely  occasioned 
by  the  manner  of  casting  them — the  soft  rolls  being  cast  in 
sand,  whereas  the  hard  rolls*are  formed  by  pouring  the  metal 
into  a  thick  cast-iron  box — and  that  the  metal,  by  coming  in 
contact  with  the  cold  box  is  sufficiently  chilled  to  render  the 
whole  face  of  the  roll  entirely  hard.  The  difference  in  the 
temper  of  these  two  kinds  of  rolls  is  so  great,  that  when  they 
are  put  into  the  lathe  to  be  turned  perfectly  true,  the  turnings 
from  the  one  will  be  |th  of  an  inch  in  thickness,  whilst  the 
turnings  which  come  from  the  other  are  not  larger  than  very 
fine  needles.  The  temper  of  cast-iron  thus  varying  according 
to  the  nature  of  the  mould  into  which  it  is  poured,  is  a  cir- 
cumstance  that  appears  to  roe  to  be  deserving  of  attention  in 
the  manufacture  of  a  variety  of  other  utensils  employed  in 
the  arts. 

These  rollers  are  used  without  heat,  but  they  are  screwed 
down  very  close  one  upon  the  other,  only  leaving  bare  room 
for  the  plates  to  pass,  that  the  utmost  attainable  degree  of 
pressure  may  be  given  to  them.     This  last  operation  is  called 

COLD   ROLLING. 

When  the  plates  have  undergone  this  process,  they  are  put 
one  by  one  into  troughs  filled  with  a  liquid  preparation  called 
iht  lies* 

This  is  merely  water,  in  which  bran  has  been  steeped  for 
nine  or  ten  days,  until  it  has  acquired  a  sufficient  acidity  for 
the  purpose.  The  design  of  putting  the  plates  into  the  troughs, 
singly^  is,  that  there  may  be  more  certainly  of  the  liquor  get- 
ting between  them,  and  both  the  sides  of  every  plate  being 
soaked  alike  in  the  lies.     In  this  liquor  they  remain  for  ten 

*  Since  the  above  was  written,  I  have  submitted  the  mannscript  to  a  een- 
tieman  who  is  very  largely  engaged  in  the  manofaetore  of  tin-plates,  and  be 
tells  me  Uiat  the  cold  rolls  which  are  employed  in  his  work  are  90  inches  io 
diameter. 
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or  twelve  hours  standing  on  the  edges,  bdt  they  are  tamed, 
or  inverted,  once  during  the  time.  This  operation  is  called 
vjorking  in  the  lies. 

The  next  operation  is  that  of  steeping  in  a  mixture  of  sul- 
phuric acid  and  water,  in  proportions  which  vary  according 
to  the  judgment  of  the  workmen. 

The  trough  in  which  this  operation  is  conducted,  is  made 
with  thick  lead,  and  the  interior  is  divided  by  partitions  of 
lead.  Each  of  these  divisions  is  by  the  workmen  called  a 
hole^  and  each  of  ihem  will  contain  about  one  box  of  plates. 
In  the  diluted  sulphuric  acid  which  is  in  the  different  com- 

Eartments  of  this  vessel,  the  plates  are  agitated  for  about  an 
our,  or  until  they  have  become  perfectly  bright,  and  entirely 
free  from  the  black  spots  which  are  always  upon  them  when 
they  are  first  immersed  in  it. 

Some  nicety,  however,  is  required  in  this  operation,  for  if 
they  remain  too  long  in  the  acid,  they  will  become  stained, 
or  blistered  by  ft,  as  the  workmen  term  it ;  but  practice  ena- 
bles a  careful  operator  to  judge  of  the  time  when  they  ought 
to  be  removed.  This,  however,  is  one  of  the  most  difficult 
parts  of  the  business,  as  few  men  like  to  work  in  if;  though 
I  understand  that  a  good  pickler  is  highly  valued  by  his 
employers,  and  obtains  great  wages.  It  is  necessary  to  noti- 
fy that  this,  and  the  former  process  with  the  acidulated  water, 
are  both  hastened  bjr  giving  to  those  menstrua  an  increase  of 
temperature — and  this  is  effected  by  means  of  heated  flues 
which  run  under  each  trough.  Little  additional  heat  is  ne- 
cessary in  summer,  howevei*,  as  90°  or  100°  of  Fahrenheit  is 
a  temperature  sufficiently  high  for  either  of  these  operations. 

When  the  plates  come  out  of  the  pickle,  they  are  put  into 
pure  water,  and  scoured  in  it  with  hemp  and  sand,  to  remove 
any  remaining  oxide,  or  rust  of  iron,  that  may  be  still  attach- 
ed to  them,  for  wherever  there  is  a  particle  of  rust,  or  even 
dust  upon  them,  there  the  tin  will  not  fix;  and  they  are  then 
put  into  fresh  water  to  be  there  preserved  for  the  process  of 
tinning.  The  design  of  putting  the  plates  into  pure  water, 
after  they  come  out  of  the  sours,  is  to  prevent  their  becoming 
again  oxidated — for  it  has  been  found  that  after  these  opera- 
tions, they  will  acquire  no  rust,  although  they  should  be  kept 
twelve  months  immersed  in  water. 

It  will  be  perceived  that  all  these  processes  are  nothing 
more  than  preparatory  measures  for  the  operation  which  is 
to  succeed,  viz*  that  of  tinning. 

For  this  purpose  an  iron  pot  is  nearly  filled  with  a  mixture 
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of  block  and  grain  tin,  in  a  melted  state ;  and  a  quantity  of 
tallow  or  grease,  sufficient,  when  melted,  to  cover  the  fluid 
metal,  to  the  thickness  of  four  inches,  is  put  to  it.  However, 
as  some  gentlemen  may  not  be  acquainted  with  the  difference 
between  block  and  grain  tin,  it  may  be  remarked^  before  we 
proceed,  that  the  metal  known  in  commerce  by  the  name  of 
block  tin,  is  prepared  either  from  the  mineral  called  tin-stone^ 
or  the  one  known  in  Cornwall  by  the  name  of /m-/?y ri7w,  whilst 
the  article  called  grain-tin  is  smelted  from  an  ore  which  is 
found  in  grains  called  stream  tin  ore,  under  beds  of  alluvia! 
soil,  in  low  situations,  whither  in  the  course  of  ages,  it  has 
been  washed  from  the  hills  by  a  succession  of  torrents  of 
rain.  The  former,  which  is  produced  in  the  greatest  abun- 
dance, is  always  contaminated  with  a  portion  oi  iron,  sulphur, 
and  other  injurious  substances,  and  is  therefore  only  employ- 
ed for  common  purposes — while  the  grain  tin,  which  is  nearly 
free  from  every  impurity,  and  usually  from  twenty  to  thirty 
shillings  per  hundred  weight  dearer,  is  used  in  the  processes 
of  dyeing,  and  in  all  other  cases  where  pure  tin  is  required. 
I  am  also  desirous  of  remarking,  that,  in  my  opinion,  it  would 
be  more  profitable  to  the  proprietor  of  a  tin-plate  work,  if  he 
were  to  use  grain  tin  alone,  or  grain  tin  mixed  with  that  kind 
which  is  known  by  the  name  of  "  Refined  Tin,"  because  these 
kinds  not  only  contain  less  dross,  but  they  melt,  as  I  know  by 
my  own  experience,  into  a  more  fluid  mcial ;  and  consequent- 
ly, more  would  run  off  the  plates  in  the  operation  of  tinning, 
and  less  tin  would  be  consumed.  At  present,  these  manufac- 
turers use  the  block  and  grain  tin,  in  equal  proportions. 

When  the  tin-pot  has  been  charged  in  the  way  above  men- 
tioned, the  metal  is  heated  from  a  fire-place  underneath  it, 
and  by  flues  which  go  round  the  pot,  until  it  is  as  hot  as  it 
can  be  made  without  actually  inflaming  the  grease  which 
swims  upon  its  surface.  The  use  of  the  grease  is  to  preserve 
the  tin  from  the  action  of  the  atmosphere,  and  consequently  to 
prevent  it  from  oxidating.  By  melting  a  little  tin  or  lead  in 
an  iron  ladle,  and,  when  the  dross  is  skimmed  off,  putting 
a  morsel  of  tallow  upon  the  metallic  fluid,  the  effect  of  the 
tallow  in  cleansing  the  face  of  the  metal  will  be  evident.  The 
workmen  also  say,  that  it  increases  the  affinity  of  the  iron  for 
the  tin,  or,  as'  they  express  it,  that  it  makes  the  iron  plates 
take  the  tin  better. 

It  is  curious  that  burnt  grease,  or  any  kind  of  empyreu- 
matic  fat,  effects  this  purpose  better  than  pure  fresh  tallow. 
Another  pot,  which  is  fixed  by  the  side  of  the  tm-pot,  is 
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,filfed  with  grease  only ;  and  in  this  the  prepared  plates  are 
immersed,  one  by  one,  before  they  are  treated  with  the  tift ; 
and  when  the  pot  is  filled  with  tliem,  they  are  suffered  to  re- 
main in  it  so  long  as  the  superintendent  thinks  necessary.  Jf 
they  remain  in  the  grease  an  hour,  they  are  Found  to  tin  bet- 
ter than  when  a  shorter  time  is  allowed  them. 

From  this  pot  they  are  removed,  with  the  grease  still  ad- 
hering to  ihem,  into  the  pot  just  before  spoken  of,  which  con- 
tains the  body  of  melted  tin ;  and  in  this  they  are  placed  in  a 
vertical  position.  Three  hundred  and  thirty-eight,  or  three 
hundred  and  forty  plates  are  usually  put  into  this  pot  at  once ; 
and,  for  the  sake  of  their  being  thoroughly  tinned,  they  usual- 
ly remain  in  it  one  hour  and  a  half;  but  occasionally  more 
time  is  required  to  comptete  this  operation. 

When  the  plates  have  lain  a  sufficient  time  immersed  in  the 
melted  tin,  they  are  taken  out  and  placed  upon  an  iron  gra- 
ting, that  the  superfluous  metal  may  drain  from  them ;  but, 
Tvotwithstanding  this  precaution,  when  thev  become  cold  there 
is  always  more  metal  found  adhering  to  tnem  than  is  necessa- 
ry ;  and  this  is  taken  off  by  a  subsequent  process,  called 
ftoaahing.  As  this  process  is  rather  complicated,  it  will  be 
necessary  to  describe  it  with  some  minuteness. 

In  the  first  place,  the  wash-man  prepares  an  iron  pot  which 
he  nearly  fills  with  the  best  grain  tin  in  a  melted  state — 
another  pot  of  clean  melted  tallow,  or  lard  free  from  salt — a 
third  pot  with  nothing  within  it  but  a  grating  to  receive  the 
plates — ^and  a  fourth,  called  the  listing-fot^  with  a  little  melted 
tin  in  it,  about  enough  to  cover  the  bottom  to  the  depth  of  a 
quarter  of  an  inch.  The  whole  will,  however,  be  better 
understood  by  referring  to  the  following  drawing,  which  ex- 
hibits the  several  vessels  in  the  order  in  which  they  stand  in 
the  manufactory,  all  supported  by  substantial  brick  work. 
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The  building  in  which  the  pots  are  fixed  is  called  the  Stow. 
The  plates  are  worked  from  the  right  to  the  left  of  the  stow, 
as  will  be  evident  by  attending  the  uses  of  the  several  pots. 

No.  1.  represents  the  tin-pot. 

3.  Tne  wash-pot  with  the  parting  within  it. 

3.  The  grease-pot. 

4.  The  pan,  containing  a  grating  at  the  bottom.* 

5.  The  list-pot; 

The  drawing  represents  the  surface  of  the  pots.  The  aste- 
risks shew  the  places  where  the  workmen  stand,  and  also 
mark  those  pots  which  have  heated  flues  under  them.  No. 
4  has  no  fire  under  it. 

The  parting  in  the- wash-pot  No.  2,  is  a  late  improvement. 
The  design  of  it  is  to  keep  the  dross  of  the  tin  from  lodging 
in  that  part  of  the  vessel  where  the  last  dip  is  given  to  the 
plates.  By  using  the  common  tin  in  the  first  process  of  tin- 
ning, much  oxide,  or  dross,  adheres  to  the  surface  of  the 
S>latcs,  and  this  runs  off  in  the  wash-pot,  and  comes  to  the 
iace  of  the  new  metal — ^but  this  parting  enables  the  operator 
to  prevent  it  from  spreading  over  the  whole  surface  of  the 
pot.  Were  it  not  for  this  parting,  the  wash-man  must  skim 
the  oxide  off  the  fluid  metal  every  time  he  puts  plates  into  it. 

The  pots,  of  which  I  have  given  a  sketch,  being  all  in  a 
state  of  fitness,  the  wash-man  commences  his  part  of  what  re- 
mains of  the  business,  by  putting  the  plates,  which  have  under- 
gone the  various  operations  hitherto  aescribed,  into  the  vessel, 
of  grain-iin,  called  the  wash-pot.t  The  heat  of  this  large  body 
of  melted  metal  soon  melts  all  the  loose  tin  on  the  surface  of 
these  plates,  and  so  detoriorates  the  quality  of  the  whole 
mass,  that  it  is  usual,  when  sixty  or  seventy  boxes  have  been 
washed  in  the  grain-tin,  to  take  out  the  quantity  of  a  block, 
say  three  hundred  weight,  and  replenish  the  wash-pot  with  a 
fresh  block  of  pure  grain-tin.  These  vessels  generally  hold 
three  blocks  each,  or  about  half  a  ton  weight  of  metal.  That 
which  is  taken  out  of  the  wash*pot  when  it  is  replenished  with 
pure  metal,  is  given  to  the  tin-man  to  put  into  his  pot. 

When  the  plates  are  taken  out  of  the  wash-pot,  they  are 
carefully  brushed  on  each  side  with  a  brush  of  hemp  of  a 
peculiar  kind,  and  made  expressly  for  the  purpose.    As  this 

^  This  paD  is  designed  for  the  recepUon  of  the  plates  as  the  boy  takes  them 
oat  of  the  grease  pot    It  has  do  fire  underneath  it 

t  None  but  grtnn-tio  is  ever  put  into  this  vessel,  for  the  whole  of  the  com- 
Don  tin  which  is  consumed  in  such  manufactories,  is  used  in  the  Jhrtt  pre* 

■s,  vtff.  that  which  is  called  tinning. 

▼OL.  II.  NO.  3.  32 
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part  of  the  business  requires  CQnsWe^raWe  adroitness  ^apd  ex- 
pedition, it  ipay  fc^e  worth  while  to  explain  it  9  Uttl^  wore  in 
detail. 

The  wash-man  first  takes  a  few  plates  out  of  the  wash-pot, 
and  lays  them  together  before  him  on  the  stow, — he  then 
takes  one  plate  up  with  a  pair  of  tongs,  which  he  holds  in  his 
left  hand,  and  with  a  brush  held  in  his  ri^ht  hand  brushes 
one  side  of  the  plate, — he  then  turns  it,  andorushes  the  other 
side,  and  immediately  dips  it  once  more  into  the  hot  fluid 
pietal  4n  the  wash-pot,  and  without  letting  it  out  of  the  tongs, 
instantly  withdraws  it  again,  and  plunges  it  into  the  grease- 
pot  (marked  No.  3.)  adjoining  to  the  wash-pot  from  whencp 
he  had  just  taken  it. 

A  person  who  has  not  seen  the  operation,  can  form  but  a 
yery  inadequate  idea  of  the  adroitness  with  which  this  is  per- 
formed— practice,  however,  gives  the  workman  so  much  ex-r 
peditipa,  that  he  is  enabled  to  make  ^ood  wages,  although  he 
pbtains  only  three-pence  for  the  brushing  and  metallic-washing 
of  225  plates.  I  am  informed  that  an  expert  wash-man,  if  he 
piakes  the  best  of  his  time,  will  wash  26  boxes,  consisting  of 
$,625  plates  in  twelve  hours;  notwithstanding  every  plate 
must  be  brushed  on  both  sides,  and  dipped  twice  into  the  pot 
of  melted  tin. 

Why  the  plates  should  be  dipped  twice  during  this  part  of 
their  manufacture,  may  perhaps  require  some  explanation. 
It  must  be  recollected  that  they  are  brushed  quite  hot,  and 
before  the  tin  is  set,  therefore,  if  they  had  not  the  last  dip,  the 
marks  of  the  brush  would  be  visible.  Moreover,  the  brush 
takes  the  greatest  part  of  the  tin  off  them,  so  that  if  they 
^er^  removed  to  the  grease-pot  without  being  re-dipped,  the 
hot  grease  would  take  off  what  remained. 

The  only  use  of  the  grease-pot  is  to  take  off  any  superflu- 
ous metal  that  may  be  upon  the  plates — but  this  is  an  opera- 
tion that  requires  great  attention,  because,  as  the  plate  is  im-. 
mersed  in  the  grease  while  the  tin  is  in  a  meltine,  or  at  least; 
Sn  a  soft,  state  upon  it,  a  part  must  run  off,  and  the  remainder 
becomes  less  and  less  while  the  plate  continues  in  it ;  there- 
fore, if  these  plates  should  ever  be  left  in  the  melted  talloTC 
longer  than  is  absolutely  necessary,  they  will  doubtless  re- 
quire to  be  dipped  a  third  time  in  the  tin.  On  the  other 
band)  if  the  plates  were  to  be  finished  without  passir^  throiigh 
the  grease,  they  would  retain  too  much  of  the  tin,  which. 
would  be  a  loss  to  the  manufacturer,  and  besides,  the  whole 
of  the  tin  would  appear  to  be  in  wgio^  MPQ9  (he  v:4>«w 
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It  is  also  equally  heces^ary  to  attend  to  the'  tcmpefature  of 
the  melted  tallow,  which  must  be  colder  or  hotter  in  propor- 
tion as  the  plates  are  thicker  or  thinner ;  for  if,  when  the  tal- 
low is  of  a  proper  temperature  for  a  thin  plate,  a  thick  one 
was  to  be  put  into  it,  it  would  come  out,  not  of  the  colour  of 
tin  as  it  ought  to  be,  but  as  yellow  as  gold.  The  reason  of 
this  is  evident.  The  thick  plate  contains  more  heat  than  a 
thin  one,  and  consequently  requires  the  tallow  to  be  at  a 
Idwer  temperature.  On  the  contrary,  if  a  parcel  of  thin  plates 
wer6  to  be  worked  in  a  pot  of  tallow  which  had  been  pre- 
ps^red  for  thick  plates,  such  a  {)bt  would  not  be  hot  enough  to 
etfect  the  intenaed  purpose. 

It  is  a  common  observation  that,  in  most  of  our  manufactures, 
and  in  all  chemical  speculations,  theory  and  practice  are  gen- 
erally at  variance ;  but  there  are  few  manufactures,  perhaps, 
where  there  are  so  many  minutiae  which  would  escape  the  no- 
tice of  a  casual  observer,  and  yet  that  require  to  be  care- 
fully attended  to,  in  order  to  produce  a  good  result,  as 
in  that  which  we  have  now  been  describing — and  should 
the  perusal  of  this  p^per  occasion  but  onb  individual  to  pause, 
who  was  about  to  enter  into  a  new  concern  with  which  he 
was  only  partially  acquainted,  I  shall  have  written  to  a  good 
purpose. 

But  to  return  to  the  process.  When  the  plates  are  suffi- 
cietitly  brushed,  they  are  again  immersed,  one  by  one,  in  the 
pot  of  melted  tin,  as  has  already  been  remarked,  and  immedi- 
ately from  this  they  are  put  into  the  pot  of  tallow  above-men- 
tioned. This  pot  has  pins  fixed  within  it,  in  such  a  manner 
as  to  keep  the  plates  from  touchins:  each  other:  and  this 
part  b(  the  process  is  conducted  in  the  following  manner : 

When  the  wash-man  has  passed /re  of  the  plates  through 
the  melied  tin,  and  from  thence  into  the  pot  of  tallow  above 
menti(ftied,  a  boy  takes  out  one  of  them  and  puts  it  into  the 
empty  pot  to  cool,  and  the  wash-man  puts  it  into  the  sixth 
plate.  The  boy  then  takes  out  a  second  plate,  and  lays  it  to 
cool  likewise,  when  the  man  pitts  in  his  seventh^  and  so  they 
go  on,  in  this  regular  manner,  until  the  whole  of  the  parcel  is 
finished. 

In  Cdnsequence  of  the  plates'  being  immersed  in  the  melted 
tin  ift  a  vertical  position,  there  is  always,  when  they  have  be- 
come cold,  a  wire  of  tin  on  the  lower  edge  of  every  plate^ 
which  is  necessary  to  be  removed,  and  this  is  done  in  the  fol- 
lowing manner: 

A  boy,  called  the  list-boy,  takes  the  plates  when  they  are 


252  Remarks  on  Solar  Light  and  HtaU 

cool  enough  to  handle,  and  puts  the  lower  edge  of  each,  one 
by  one,  into  the  list-pot,  which  is  the  vessel  that  was  before 
described  as  containing  a  very  small  quantity  of  melted  tin, 
and  the  same  as  that  which  I  have  marked  No.  5.  When  the 
wire  of  tin  is  melted  by  this  last  immersion,  the  boy  takes  out 
the  plate,  and  gives  it  a  smart  blow  with  a  thin  stick,  which 
disengages  the  wire  of  superfluous  metal,  and  this  falling  ofi^ 
leavesonly  a  faint  stripe  in  the  place  where  it  was  attached. 
This  mark  may  be  discovered  on  every  tin  plate  which  is  ex- 
posed for  sale ;  the  workmen,  in  the  manufactory  of  them, 
call  it  the  lisU 

Nothing  now  remams  but  to  cleanse  the  plates  from  the  tal- 
low. This  is  done  by  means  of  bran,  and  as  they  are  cleans- 
ed they  are  put  into  strong  wooden  boxes,  or  boxes  of  shui- 
iron^  made  exactly  to  fit  them ;  and  this  completes  the  whole 
business. 


Art.  XXVI. — Remarks  on  Solar  Light  and  Heat.     By  BaoBH 
Powell,  M.  A.     [Annals  ofPkUJ] 

(Continaed  from  page  169.) 

(27.)  In  the  conclusion  of  a  former  paper  I  alluded  to  some 
further  experiments  which  were  to  follow,  relative  to  the  ques- 
tion of  the  proportion  obtaining  between  the  heating  and  illu- 
minating effects  of  the  solar  rays.  The  method  of  experi- 
menting alluded  lo  is  one  which  I  have  not  been  able  to 
apply  to  any  extensive  series  of  different  intensities.  It  con- 
sists in  comparing  the  effect  produced  on  a  blackened  ther- 
mometer by  the  focal  light  of  different  lenses,  with  the  rela- 
tive calculated  intensities  of  the  rays  in  those  foci.  Thus  we 
may  ascertain  whether  at  these  high  intensities  the  same  pro- 
portion is  maititained.  Without  proof  we  cannot  assume  that 
It  is ;  and  a  very  few  comparisons  may  be  sufficient  to  show, 
whether  the  proportion  is  nearly  preserved,  t)r  whether  there 
be  any  considerable  deviation  from  it. 

(28.)  When  thermometers  are  exposed  to  the  action  of  ra- 
diant matter  there  are  several  considerations  to  be  attended 
to  in  comparing  their  observed  risings :  and  it  will  be  con- 
venient in  the  first  instance  to  bring  tnese  considerations  into 
one  point  of  view. 

A  thermometer  exposed  to  radiant  matter  absorbs  heat  only 
en  one  half  of  its  surface,  while  the  other  half  is  radiating 
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again  its  acquired  heat,  and  the  observed  effect  dq)ends  upon 
the  equilibrium  which  obtains  between  them.  In  particular 
cases  only  part  of  one  surface  may  be  exposed  to  heat ;  the 
difference  between  such  part  and  the  whole  surface,  together 
-with  the  absorbing  and  radiating  powers  of  the  surface,  must, 
therefore,  be  taken  into  consideration,  as  also  the  rate  of  com- 
munication of  heat  dependent  on  the  mass. 

Let  the  portion  of  the  surface  of  the  bulb  exposed  to 

radiant  matter, =a 

.Diameter  of  the  bulb, =ii 

Its  surface, =• 

The  observed  rise  in  a  given  time  •        -        -  =  r 

The  power  of  the  coating  for  absorbing  heat  (of  whatever 

kind)  =p 

And  for  radiating  it       -••«--  =& 

The  intensity  of  heating  power  -        -        -        -  =  A 

The  general  formula  easily  deduced  on  the  above  consid- 
erations will  be, 

.     o  .  o .  rf' 
^'^'''  dK{s.a)k 

■"»  d^s—a)k 

.  p        d.ts-^a) 

.\h  C=r ^ ^* 

k  a 

When  the  whole  bulb  is  exposed,' 

s 

•\  a  «  -5-  and =  1, 

X  a 

And  .•.-^=3  rd. 
k 

(Comparing  two  different  cases,' 

hp  K _  r  .  d  ,  a    js  —  a)       ,^\ 

p  k 
If  &  =  &  we  thus  obtain  the  value  of  -^— r- . 

If  the  bulbs  are  equal,  this  =  f7^'-^£^ (B) 
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And  if  the  coating  be  the  same,  it  =  -y ,  and  if  fc — fc^  it  =  1 . 
When  the  whole  bulb  is  exposed,  we  have 

f^.P^       r,.d, (^> 

If  in  this  last  case  (he  thermometers  be  exposed  to  simple 
radiant  heat,  assuming  the  universalitv  of  the  law,  that  the 
absorptive  is  proportional  to  the  radiatmg  power  of  a  surface, 
we  shaU  have 

p  =  k,  and  p^  =  ft, 

And  if  fc  =  fc,  then  — r  =  1,  or  —  ^  -f 

Or  hence  we  might  derive  a  neat  and  simple  method  of  veri- 
fying that  law. 

The  relative  values  of  ji  and  k  as  compared  with  a  Surface 
of  elass  in  particular  cases,  may  be  obtamed  by  coating  only 
half  the  surface  of  the  bulb,  and  expositig  either  the  plain  or 

coated  side  to  the  same  intensity  of  heat.    The  ratio  -j-  may 

be  obtained  by  heating  two  bulbs  completely  coated  to  the 
same  point,   and  observing  their  rates  of  cooling. 

The  case  (C)  is  the  same  as  that  investigated  in  the  Phil. 
Trans.  1800,  No.  19,  note  p.  447. 

(29.)  Comparison  of  the  Focal  Effect  of  two  Lenses  on  a  Ther- 
mometer coated  with  Indian  Ink* 


Focos. 

[in. 

Lens  1. 

Lens  2. 

Di£ 

DiC 

0 

18 

18 

1 

50        32.0 

27 

11.0 

0 

15        

16 

.. 

1 

45        30.0 

26 

10.0 

0 

19        — - 

16 

1 

51         33.0 

36 

10.0 

Mean      31.3' 

10.3 

In  order  to  proceed  to  this  comparison,  we  nmil  firs<  ob- 
•erve,  that  in  the  formula  we  take  a .  d',  it  is  on  the  supposi 
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Uon  tbat  parallel  rays  impioge  on  a  spherical  surface*  With 
the  focus  this  |s  not  the  case,  and  from  the  convergence  of  the 
rays,  as  well  as  from  their  greater  intensity  at  the  outer  edge^ 
we  may  in  this  case  assume,  without  fear  of  error,  tbat  a  =  the 
area  of  the  section  of  the  rays  impinging,  and  thus  apply  the 
formula.    Thus  we  have  the  following  data : 

From  the  sbove  experiments,  r,  s=  10,  r  =  SI  ;  it  is  also 
evident,  that  p  =  ft  and  k^k^  By  measurement,  the  diam- 
eters of  the  focal  disks  were : 

Lens  1.  Lens  2. 

0,25  inch  0.16  inch 

•••  the  areas  0.049  =  a  0.0^1  =  (t, 

d  =  0.45  .%  s  =  .636. 
Hence  s  —  a  =  .615  *  t-  a  .587, 

and  we  have  to  ai^ly  the  case  of  the  formula  (B) 

^  _31       587  ^  21  _  160_    1  , 

•*'  iE;-To =6T6  ^  49  -•  301 -"1:88  ^^^^^y^ 

(30.)  In  order  to  calculate  the  respective  intensities  of  light, 
or  number  of  rays  collected  in  the  focus  of  each  lens,  we  may 
easily  proceed  by  the  well-known  theorem, 
Let  d  =  diameter  of  aperture. 


/=  focal  length  of  lens,  No.  1. 
^^d!,f,^ 


And  d',/',  those  of  lens.  No.  2. 
/  and  /'  =  the  respective  intensities  of  the  rays  collected 
in  the  sun's  image,  of  focal  luminous  disk. 
Then  we  have, 

1  _d^  -r^ 

By  measurement  I  found 

h\  Lens,  Np.  1,  d  =  3.25  in.  .%  cP  =  10.66, 
/  =  7.5  .%/»  =  56.25, 

In  Lens,  No.  2,  c?  =  1  -75  in. .-.  <?'  =  3.06, 
/'  =  3  .•./'    =9. 

Hence  1^10-56    X   9    ^95^  ^1      ^^^, 
V     3.06  X  56.25      172.12        1.81  ^ 

If  we  admit  the  validity  of  certain  experinjents  which  seem 
to  prove  the  existence  of  an  exterior  r^eat  surrounding  the 
luminous  cone  of  rays,  this  would  affect  the  bulb  in  each  case 
by  a  small  quantity  in  addition  to  the  direct  effect  of  th^  light. 
But  since  the  total  effect  has  bee»  showD  to  be  very  closely 
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in  proporlion  to  the  intensity  of  focal  light,  it  would  follow 
that  this  exterior  heat  must  be  in  extent,  or  in  energy,  exact- 
ly in  the  same  proportion,  supposing  its  absolute  value  suffi- 
ciently great  to  produce  a  perceptible  eflfect. 

These  experiments  prove  for  the  two  particular  intensities  un- 
der examination,  that  the  proportion  of  heating  to  illuminating 
intensity  is  closely  maintained.  It  might  be  satisfactory  to 
extend  the  comparison  with  lenses  of  other  powers,  qualities, 
&c.,  but  as  the  above  result  it  not  of  a  nature  which  requires 
the  admission  of  any  new  principles,  and  agrees  with  what 
we  should  be  prepared  to  expect,  I  conceive  it  unnecessary  at 
present  to  carry  the  examination  any  further. 

(31.)  With  a  similar  object  in  view  in  some  subsequent  ex- 
periments, I  employed  such  a  difference  of  intensity  as  is  af- 
forded by  two  sections  of  the  luminous  cone  formed  by  a  lens, 
one  being  made  near  the  lens,  and  the  other  near  the  focus. 

In  two  such  positions,  one,  at  \  inch  from  the  lens,  the 
other  near  the  focal  point,  or  at  about  seven  inches  distance, 
the  thermometer,  blackened  as  before,  was  placed  succes- 
sively.   The  rise  in  30  seconds  was  (mean  of  three  trials), 
At  \  inch  from  lefts        -        -        -         2**  =  r 
Near  focus 40  =  r^ 

To  obtain  the  proportions  of  light  in  the  two  cases,  I  measur- 
ed the  diameter  of  the  luminous  circle  formed  by  the  larger 
section  when  the  rays  were  intercepted  by  a  plane  at  the  dis- 
tance of  one  quarter  of  an  inch  below  the  lens.  The  diame- 
ter was  very  nearly  2.8  inches  =  d,.  whose  square  =  7.84 ; 
the  diameter  of  the  bulb  (as  before)  =  0.45  inch ;  the  diam- 
eter of  the  section  near  the  focus  =  d!,  =  0.3  inch  ;  its 
square  .09. 

In  order  to  obtain  the  true  ratio  of  the  heating  effects,  we 
have  to  apply  the  case  of  the  formula  (B).     By  experiment, 

r  1 

we  have  —  =  7rr  •  by  measurement  a,  =.0706. 

And  8  =  6361  .•.  *^—  a^  =  .5655. 
Here  also  the  case  of  the  formula  (C)  applies,  and  we  hav« 

*       ^  =  2;  thus  on  the  whole  since/)  =ft,  and  fc  =  fc, 

A     /2  X  .0706     \  2_      J_  J_ 
^'  ""V    -S^^S     "/  *  *    20  80  • 
Hence  we  have  for  the  intensities  of  light  in  the  two  case^Se 

1  *"   d»  "7.84  "87" 
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In  obtaining  thie  ratio,  however,  there  are  evidently  several 
»>urces  of  error ;  the  loss  of  many  ra^s  before  they  arrive  at 
the  focus ;  the  less  intensity  towards  the  central  part  of  the 
cone  (where  the  thermometer  was  placed),  on  these,  and,  per^ 
haps,  other  grounds,  it  would  be  necessary  to  reduce  the  ra- 
lio  obtained. 

The  former  ratio  (as  also  in  other  instances)  is  subject  to 
some  uncertamty,  owing  to  the  difficulty  of  observing  accu« 
rately  the  rise  of  the  thermometer  under  the  strong  impression 
of  focal  light ;  but  upon  the  whole  it  is  evident  that  here  aiso 
an  equality  of  ratio  may  be  inferred  as  nearly  as  the  nature 
of  the  operations  will  allow.  If  there  be  an  exterior  heat  about 
the  focus,  this  should  affect  the  above  ratio;  but  since  the 
proportion  obtaining  is  very  close,  we  may  infer  that  the  ratio 
of  the  mtensities  of  light  is  really  greater  than  that  of  the 
heatins  effects,  but  that  the  proportion  is  preserved  by  the 
sum  of  the  heating  effect  of  the  focal  light,  together  with  the 
exterior  heat.  The  above  experiment  cannot  be  considered 
sufficient  to  enable  us  to  determine  such  a  point,  but  I  hope 
shortly  to  be  able  to  give  it  a  more  complete  examination. 

(32.)  In  like  manner  we  might  proceed  to  compare  the  ef« 
fects  of  the  rays  in  their  natural  diffuse  state,  and  when 
brought  to  a  focus,  if  we  had  any  tolerably  accurate  method 
of  allowing  for  the  quantity  of  light  lost  in  passing  through 
the  lens,  and  in  not  converging  accurately  to  the  focus.  The 
former  datum  might,  perhaps,  be  supplied  from  Sir  W.  Hers- 
chePs  determination  (Phil.  Trans.  1800),  and  the  latter  we 
Hiight  probably  estimate  by  successi\elj  diminishing  the  aper- 
ture till  the  focal  effect  on  the  thermometer  becomes  diminish*^ 
ed.  The  least  aperture  with  which  it  continues  undiminished, 
compared  with  the  whole,  would  give  nearly  the  proportioix 
of  rays  broueht  to  the  focus. 

(33.)  In  the  preceding  instSinces  we  have  compared  the 
proportion  of  heating  to  illuminating  effect  in  respect  to  light 
of  different  intensities.  Another  point  of  inauiry  which  ap- 
peared to  me  not  uninteresting  in  relation  to  the  same  subject, 
is  the  similar  question  with  respect  to  the  proportions  of  heat* 
ing  effect  developed  by  differences  of  light  in  respect  of  the 
light  or  dark  colour  of  surfaces:  and  whether  the  same  pro-- 
portion  which  is  observed  in  the  heat  produced  on  a  black 
and  on  a  white  surface  at  ordinary  intensities  is  preserved  or 
not  at  higher  degrees  of  concentration  in  the  rays. 

The  heating  enect  of  light  is  commonly  said  to  be  produced 
by  the  absorption  of  the  rays,  and  is  supposed  to  be  propor- 
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The  former  set  of  experiments  gives  the  ratio  in  the  focus 
somewhat  less  than  in  tKe  diffuse  ravs,  the  latter  somewhat 
greater.  We  may,  therefore,  fairly  infer  that  the  ratios 
are  very  nearly  equal  in  the  two  cases.     The  means  arc 

and 


M^ 


2.48  2.46  • 

The  small  difference  between  these  two  sets  of  experiments 
must  be  attributed  to  the  impossibility  of  laying  on  the  coat- 
ings in  the  second  instance  so  as  to  be  sure  that  they  are  pre- 
cisely of  the  same  thickness,  roughness,  &c.  as  in  the  first ; 
but  the  disagreement  is  so  small  as  to  show  that  such  an 
equality  was  as  nearly  attained  as  perhaps  was  possible. 

(37.)  Being  in  possession  of  these  two  sets  of  experiments, 
we  might  have  deduced  the  result  without  any  reference  to 
the  formula.  Proceeding  by  this  method,  therefore,  we  may 
ascertain  the  accuracy  of  the  data,  and  thus  also  tend  to  show 
how  far  the  other  investigations  here  made  are  to  be  relied  on. 
Jt  will  be  evident  that  we  have  in  these  two  sets,  with  the 
foci, 

^^-T—s^TT^X —  1st  set. 


And  pK         1        «    «j 

^  L  =  r?  ^  —  2d  set. 
Pt  k       1.6      m 

Whence  (y  k)^ i__         i 

(p,ky      3.9x1.6^    6.24 

And  •*.   pk^        1  , 

-^  =  ^  nearly. 

In  the  same  way  with  the  diffuse  rays, 
•£A-.=.l,x!^'lstset. 


p^k    ""2.6 


n' 


'     L    =  s*o  ^  — T  2d  set. 
p^  K        2.3      m 

Hence,  as  before,  {p  k^)  ^  ^     i 

{p^k)2SW 

And  .\  p  k.       \  . 

TX^g^i  nearly, 

resulte  which  agree  very  closely  with  those  otherwise  ob- 
tained. 

(88.)  In  order  to  separate  from  this  result  the  value  of  -^ 
k  P 

I  Ascertained  -r-  by  Independent  experiment:  beating  tim 
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two  thermometers  to  the  same  point,  and  then  observing 
their  rates  of  cooling  as  follows : 


Tb.  A  White.  |  Th.  B.  Black. 

Heated  to    -      -      -      *      - 
Cooled  in  2  minutes  to    - 

23 
21.25 

Diff. 
1.75 

3 

2.25 

3 

23 
21 

Diff. 
2 

2tt 
25 

28 
24.75 

3.25 

24 
21.75 

24 
21.5 

2.6 

v 

23 
20 

23 
19.75 

3.25 

Mean  |  2.5  |            |  2.75 

• 

Hence 

r 
r. 

1 
1.1* 

/    '"  ■ 

Hence  on  the  same  principles  as  before  (r  and  r,  being  now 
the  respective  rates  of  cooling),  we  have 

k       rd         .    .       . 
-T-  =  — 5  ;  and  smce  by  experiment 

1^.  TV  %*. 


\0 

11 


—  =  TT-  and  -r-  = 


1000 


We  ob(ain  -r-  = 
k. 


Whence  taking 

JL L 


818 
100 
89  ' 
pk 


1 


==5T.  we  get 


p^k  ^^5 


Here  again  if  when  the  focus  was  thrown  on  the  bulb,  it 
was  encompassed  by  a  sort  of  penumbra  of  a  heating  effect, 
this  being  of  the  same  nature  as  simple  heat,  acted  on  the 
black  and  white  surfaces  in  the  inverse  ratio  of  the  diameters, 
and,  therefore,  tended  by  the  addition  of  very  small  quanti- 
ties in  that  ratio  to  each  of  the  terms  of  the  ratio,  to  increase 
it,  though  probably  the  effect  was  altogether  too  small  to  be 
perceptible. 

(39.)  We  now  proceed  to  compare  these  heating. effects 
with  the  intensities  of  light  absorbed  by  the  black  and  whitQ 
surfaces. 
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In  the  first  instance,  I  attempted  rough! j  to  estimate  the 
proportions  of  li^ht  reflected^  and  then  reciprocallj  nA^orbed 
by  black  and  white  surfaces  in  the  following  manner:  On  a 
red  ground  were  fixed  a  black  and  a  white  small  circular 
disk ;  also  two  similar  disks  on  a  blue  ground.  Remaining 
at  a  fixed  distance  from  them,  having  first  darkened  the  room 
completely,  I  increased  by  degrees  the  aperture  of  a  sliding 
shutter,  till  first  the  white  disk,  and  then  the  black,  became 
visible.  This  was  repeated  several  times,  and  the  mean  ra- 
tio of  the  size  of  the  aperture  necessary  for  the  two  effects 
would  give  the  proportion  of  light  reflected  by  the  disks. 

In  the  same  way  also  I  tried  the  distances  from  the  eye  at 
which  the  disks  became  invisible  in  a  room  partially  darken- 
ed. Such  trials,  however,  can  never  be  susceptible  of  any 
accuracy  from  the  difficulty  of  saying  precisely  when  the  ob- 
ject is  visible  or  not.  I  therefore  conceive  it  unnecessary  to 
ctetail  them'  further  than  to  mention,  that  the  results  uniformly 
gave  a  ratio  not  very  different  from  that  above  given,  as  the 
ratio  of  the  heating  effects  produced  respectively  by  the  pro- 
portions of  light  which  we  suppose  absorbed  by  the  surfaces. 

It  became  necessary  to  seek  for  some  other  method  of  ai* 
pertaining  this  point;  and  in  this  I  succeeded  as  follows: 

{40.)  Assummg  that  within  ordinary  limits,  the  heating  ef- 
fect is  p^cisely  as  the  number  of  rays  impinging,  we  may 
proceea  to  a  simple  and,  perhaps,  sufiiciently  accurate  method 
of  estimating  the  relative  proportions  of  light  absorbed  by  the 
black  and  white  surfaces  employed  on  the  thermometers 
from  observing  the  quantities  reflected.  These  data  I  obtained 
by  placing  the  photometer  in  the  sun^s  light,  having  the  bulb 
protected  by  a  small  screen  from  the  direct  rays,  and  there- 
fore, affected  only  by  the  light  reflected  from  a  surface  of 
paper,  painted  in  one  instance  with  Indian  ink,  and  in  another 
iivith  chalk ;  and  fixed  in  contact  with  the  outside  of  the  glass 
case  of  the  instrument,  on  the  side  opposite  the  sur,  and  ex- 
tending round  two  thirds  the  circum/erence  of  the  cylinder. 
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The  following  are  the  results  of  a  set  of  experiments  con* 
ducted  io  this  way : 


Eip. 

Rife  in  one  mimite  by  HgUt  reflecttd  froi» 

V^                                                                                                           J 

Black  sarface.      |.     White  surface. 

1 
2 
3 
4 
5 

6 
6 
6 
7 
6 

14 
12 
13 
14 
14 

To  obtain  the  mean  ratio 

6.2 

];i.4 

Or 

1 

2.1  nearly. 

Hence  we  may  take  the  proportions  of  light  absorbed  by 
the  two  surfaces  in  the  inverse  ratio. 

This  ratio  may,  however,  possibly  be  rather  too  small,  from 
the  circumstance  that  a  small  portion  of  light  would  be  re- 
fleeted  upon  the  bull^  from  the  inner  surface  of  the  glass^ 
which  would  be  the  same  in  both  cases. 

If  on  this  consideration  we  take  it  =  ,  this  ratio,  it  will 

te  evident,  agrees  as  nearly  as  we  can  expect  with  that  be- 
fore obtained  for  the  heating  effects  developed  upon  or  bir 
the  black  and  white  surfaces  under  examination  ;  and  which 
was  shown  to  be  nearly  the  same,  whether  the  light  was  ii» 
its  ordinary  intensity,  or  at  a  hieh  degree  of  concentration* 

(41.)  We  have  thus  established  that  with  considerable  dif<» 
ferences  in  the  intensity  of  light  acting,  the  heating  effects 
on  a  black  and  a  mhite  surface  maintain  the  same  ratio  very 
closely. 

It  has  also  been  shown  that  on  the  same  surface,  with  dif- 
ferent intensities  of  light,  the  heating  effect  is  proportional  to^ 
the  intensity  of  light. 

At  one  intensity  it  is  shown  that  the  healing  effects  on  the 
black  and  white  surfaces  are  proportional  to  the  quantities  of 
l^hi  respectively  absorbed  by  them. 

Hence  the  heating  effect  is  proportional  to  the  light  absorbed 
by  the  surface  in  respect  to  its  colour,  at  all  intensities^ 

Hence  also  the  lignt  absorbed  at  different  intensities  is  pro- 
portional to  that  impinging  on  the  same  surface. 

These  conclusions  centain,  perhaps,  no  information  abso- 
lutely new ;  but  in  establishing  experimentally  what  seems 
hitherto  to  have  been  only  taken  for  granted  on  loose  grounds, 


364  Remarks  on  Solar  lAght  and  Heat. 

I  conceive  we  may  best  prepare  the  way  for  investigating  the 
Batu]*e  of  the  heating  power  of  light,  and  for  examinbg 
whether  it  be  analogous  to  any  phenomena.  One  step  ap- 
|>ears  to  me  to  be  gained  in  having,  as  I  think,  clearly  shown 
the  exact  proportionality  in  the  heating  effect  to  the  quantity 
of  light  acting,  and  shown  to  be  actually  absorbed  by  the 
surfaces.  These  experiments  also  confirm  (if  further  proof 
be  wanting)  the  conclusion  that  the  sun's  heating  effect  is  of 
a  simple  nature* 

(42.)  It  may  not  be  altogether  superfluous  here  to  remark, 
the  dependence  of  the  results  in  the  former  portions  of  these 
inquiries,  (see  (18)  of  the  paper  in  the  Annals  for  June,)*  uj)on 
the  considerations  laid  down  in  the  present  paper  (38.)  It  will 
be  thence  evident  that  without  knowing  any  thing  of  the  relative 
powers  of  the  surfaces  for  absorbing  simple  heat  or  radiating 
It  again,  if  any  such  heat  were  intercepted  by  the  glass,  the 
effect  on  removmg  it  would  have  been  a  diminution  of  ratio  by 
the  addition  of  equal  quantities  to  its  terms ;  supposing  that  the 
heat  were  instantaneously  communicated  from  the  front  to  the 
back  of  the  bulb.  If  this  were  not  the  case,  but  a  certain 
time  were  required  for  the  effect  to  be  produced,  it  would  at 
the  first  moment  be  an  addition  of  quantities  in  the  ratio  of 
the  absorptive  powers  of  the  surfaces  of  simple  heat :  this, 
in  the  present  case,  would  be  a  ratio  of  ^^  greater  inequality,'' 

100 
and  as  appears  from  (38)  nearly  =    ^^    . 

Again,  with  respect  to  the  subsequent  experiments  (Annals., 
June)  (19),  (20),t  it  is  equally  obvious  that  the  same  distinc- 
tion must  be  attended  to ;  but  if  the  lower  bulb  were  only 
coated  on  the  half  of  its  surface  exposed  to  the  sun,  the  effect 
(if  any  were  produced)  would  be  greater,  since  here  the  I'atio 
of  "  greater  inequality"  must  operate.  In  this  way  I  have 
repeated  the  experiment  with  a  half  coating  of  chalk,  but  with 
results  so  precisely  the  same  as  before,  that  no  diminution  was 
perceptible.     In  order  to  try  the  effect  with  a  coating  of  still 

freater  absorptive  potfrer,  I  repeated  the  experiment  with  a 
ulb  half  coated  with  white  silk  pasted  on  ;  the  other  being 
entirely  painted  with  Indian  ink.  No  diminution  took  place, 
as  will  he  evident  from  the  following  results.  The  instru- 
ment was  of  a  larger  construction,  and  not  graduated  by  Prof. 
Leslie's  scale. 

Lars:e  differential  thermometer.  Bulbs,  Indian  ink;  and 
white  silk  on  half.     Graduation  from  white. 

» ■■■ .       — ' — — '  ■  -      ' 

*  Boston  Josr.  vol.  ii.  p.  167.       t  l^»  P^  1^- 
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orer  wlute  bait,  3  inchet. 
14* 
16 

12  11* 
16   15.5 


Both  exposed. 
14* 
15 

12  13* 
15  14 


16  ...  16 

(4S.)  The  question  abovie  alluded  to  (31,&;c.)  as  to  the 
existence  and  raagnitode  of  keatine  effect  exterior  to  the  cone 
4>f  light  Ibrmed  by  a  lens,  it  6iie  of  the  greatest  curiosity  and 
interest,  especially  as  connected  with  what  appears  to  be  the 
anaiflgoufi  effect  in  the  c^se  of  the  prismatic  specti*um.  In  a 
sopplement  to  a  paper  on  ike  latter  subject,  comiounicatcd 
some  months  since,  and  now  before  the  Royal  Society,  1  re- 
corded a-few  imperfect  experiments,  in  which  it  appeared  to  me 
that  this  phenomenon  was  clearly  perceptible  with  a  lens  of 
abcNit  three  inches  apeHure,  and  7.5  ibcal  length,  by  means  of 
the  fJKferenilial  tbermometcr  i  and  I  have  since  repeatedly  ob- 
•erred  the  awne  thing,  f hough  from  the  smallneas  of  the  ef- 
fects obserrtd  1  am  tndified  lo  suppose  that  they  could  hardly 
have  iinwfered  in  any  sensible  di^ree  with  the  experiments 
deacribod  in  the  present  paper.  Prom  the  very  small  inten- 
sity of  Che  effect  in  question,  I  have  experienced  great  diffl- 
c»ilty  in  applying  both  the  test  of  its  transmissibility  through 
siass,  and  that  c?  its  relation  to  surfacefl.,  so  as  to  come  to  any 
oocistve  eMclufioiu  I  hope  ahortljr  to  be  able  to  bring  for- 
ward some  investigation  of  these  points.  Meanwhile,  as  con- 
nected with  the  subject  of  the  present  paper,  I  may  be  per- 
mitted to  flive  the  results  of  a  few  experiments,  which  clearly 
estabRsb  the  existence,  and  convey  an  idea  of  the  quantity  of 
this  effect :  and  which  were  made  with  a  different  instrument, 
and  rnider  different  circoniBtances,  from  the  fev^  just  alluded  to. 

(44.^  Observations  on  the  heat  exterior  to  the  cone  <^  lififit  fornix 
eahua  lens.  Aperture^  3.25  inches  ;  focal  lengthy  l.b.  Bulb 
of  pfioiomeier  coated  with  Indian  inlc^  in  glass  case. 


DiflUoce  wUbout  the  rays. 

OUtance  Irom  len». 

Iiidicetlon  of  photometer, 

Exp.  1.      1      Exp.  2. 

}  inch. 

<• 

7.5  inch,  at  focus. 

6 

4 

2 

Close  11  nrjorlen?;. 

ir 

,2o 

12^     10^ 
9*     8*^    7^ 

go         70 

16^ 

12*     ir 

7* 

i  inch. 

7  5inob.  lens  covered. 

b^       40  1 

1.25  Ifich  .(iiod^r  the  fur-  ) 
the^t  port  of  the.«hadow).  i 

7.6,  tens  open. 

40 

• 
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The  two  last  observations  show  how  mach  of  ihc  efiect  is 
to  be  attributed  to  reflected  light. 

(45.J  The  experiment  of  Sir  W.  Herschel,  from  which  a 
maximum  heating  effect  further  from  the  lens  than  the  focus 
of  greatest  light  is  inferred,  will  be  found  in  the  Phil.  Trans. 
1800,  Mo.  15.  Ex.  23.  It  there  appears  that  sealing-wax  wa& 
scorched  in  the  same  time  in  the  focus,  and  at  half  an  inch 
further  from  the  Ions  ;  whilst  at  half  an  inch  nearer^  no 
effect  was  produced  in  double  the  time.  It  can,  perhaps, 
scarcely  be  inferred,  that  this  effect  is  due  to  the  same 
cause  as  that  which  operates  outside  of  the  luminous  cone  ^ 
since  it  is  obvious^  that  bcjond  the  focus  the  light  again  di- 
verges,  and  we  cannot  with  certainty  distinguish  the  effects  due 
to  lights  under  the  peculiar  modification  to  which  it  may  there 
be  subjected,  from  those  which  may 
arise  irom  some  peculiar  develop- 
ment of  heat  in  the  same  position. 
The  mere  inspection  of  the  adjoining 
diagram  will  illustrate  the  directions 
which  the  differently  coloured  rays, 
separated  by  the  dispersive  power 
of  the  lens,  are  made  to  assume ; 
and  with  their  different  combinations 
it  i*  highly  probable  that  very  dif- 
ferent heating  effects  are  produced. 
This  is  a  topic  of  great  interest,  and 
one  which,  if  more  thoroughly  exam- 
ined, seems  likely  to  lead  to  a  more 
complete  acquaintance  than  we  at 

S'esent  possess  with  the  nature  of 
e  heating  effects  developed  both  by  the  rays  of  light  them- 
selves, and  at  short  distances  from  them. 


JbiT.  XX  VII.— On  tU  Corrosion  ofCopper  Sheeting  by  Sea  Watevy 
and  on  Methods  of  Preventing  this  Effect ;  and  on  tlieir  Ap- 
plication  to  Ships  of  War  and  otfier  Ships.  By  Sir  Humphrey 
Davy,  Bart.  Presl  R.  S.* 

( I .)  The  rapid  decay  of  ih  e  copper  sheeting  of  his  Majesty ^s 
ships  of  war,  and  the  uncertainty  of  the  time  of  its  duration,  have 


*  From  the  Philoiophicat  TMisactions  for  1824,  Pi(H  1. 


Corrosim  of  C€jff€r  l^ueting.  267 

]oD|  attracted  the  attention  of  those  persons  most  concerned 
in  the  naval  history  of  the  country.  Having  had  my  inquir- 
ies directed  to  this  important  object  by  the  Commissioners  of 
the  Navy  Board,  and  a  Committee  of  the  Royal  Society  hav- 
ing been  appointed  to  consider  of  it,  I  entered  into  an  experi- 
mental investigation  of  the  causes  ojf  the  action  of  sea  water 
upon  copper.  In  pursuing  this  investigation,  I  have  ascer- 
tained many  facts  which  I  think  not  unworthy  of  the  notice 
of  the  Royal  Society,  as  they  promise  to  illustrate  some  ob- 
scure parts  of  electro-chemical  science ;  and  likewise  seem  to 
offer  important  practical  applications* 

(2.)  It  has  been  generally  supposed  that  sea  water  had 
little  or  no  action  on  pure  copper,  and  that  the  rapid  decay 
^f  copper  on  certain  ships  was  owing  to  its  impurity.  On  try- 
ing, however,  the  actiou  of  sea  water  upon  two  specimens  of 
copper  sent  by  John  Vivian,  Esq.  to  Mr  Faraday  for  analy- 
sis, I  found  the  specimen  which  appeared  absolutely  pure, 
was  acted  upon  even  more  rapidly  than  the  specimen  which 
contained  alloy :  and  on  pursuing  the  inquiry  with  specimens 
of  various  kinds  of  copper  which  had  been  collectea  by  the 
Navy  Board,  and  sent  to  the  Royal  Society,  and  some  of 
which  had  been  considered  as  remarkable  for  their  dui*abiK- 
ty,  and  others  for  their  rapid  decay,  I  found  that  they  offered 
very  inconsiderable  differences  only  in  their  action  upon  sea 
water ;  and, consequently,  that  the  changes  they  had  undergone 
must  have  depended  upon  other  causes  than  the  absolute 
quality  of  the  metal. 

(3.)  To  enable  persons  to  understand  fully  the  train  of 
these  researches,  it  will  be  necessary  for  me  to  describe  the 
nature  of  the  chemical  changes  taking  glace  in  the  constitu- 
ents of  sea  water  by  the  agency  of  copper. 

When  a  piece  of  polished  copper  is  suffered  to  remain  in 
sea  water,  the  first  effects  observed  are,  a  yellow  tarnish  up- 
on the  copper,  and  a  cloudiness  in  the  water,  which  takes 
place  in  two  or  three  hours :  the  hue  of  the  cloudiness  is  at 
first  white ;  it  gradually  becomes  green.  In  less  than  a  day 
a  bluish  green  precipitate  appears  in  the  bottom  of  the  vessel, 
which  constantly  accumulates,  at  the  same  time  that  the  sur- 
face of  the  copper  corrodes,  appearing  red  in  tiie  water,  and 
grass-green  where  it  is  in  contact  with  air.  Gradually  car- 
bonate of  soda  forms  upon  the  grass-green  matter ;  and  these 
changes  continue  till  the  water  becomes  much  less  saline. 

The  green  precipitate,  when  .examined  by  the  action  of  so- 
lution of  armmonia  and  other  tests,  appears  principally  to  con« 
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sist  of  dn  insoluble  compound  of  copper,  (which  maj  be  con- 
sidered as  a  hydrated  submuriate,)  and  hydrate  of  magnesia. 

According  to  the  views  which  1  developed  fourteen  years 
ago,  of  the  nature  of  the  compounds  of  chlorine,  and  which 
are  now  generally  adopted,  it  is  evident  that  soda  and  magne- 
sia cannot  appear  in  sea  water  by  the  action  of  a  metal,  unless 
in  consequence  of  an  absorption  or  transfer  of  oxygen.  It 
was  therefore  necessary  for  these  changes,  either  that  water 
should  be  decomposed,  or  oxygen  absorbed  from  the  atmos- 
phere. 1  found  thail  no  hydrogen  was  disengaged,  and  con- 
sequently no  water  decomposed :  necessarily,  the  oxygen  of 
the  air  must  have  been  the  agent  concerned,  which  was  made 
evident  by  many  experiments. 

Copper  in  sea  water  deprived  of  air  by  boiling  or  exhaus* 
tion,  and  exposed  in  an  exhausted  receiver  or  an  atmosphere 
of  hydrogen  gas,  underwent  no  change ;  and  an  absorption 
in  atmospherical  air  was  shown  when  copper  and  sea  water 
were  exposed  to  its  agency  in  close  vessels. 

(4.)  In  the  Bakerian  Lecture  for  1806,  I  have  advanced 
the  hypothesis,  that  chemical  and  electrical  changes  may  be 
identical,  or  dependent  upon  the  same  property  of  matter': 
And  I  have  farther  explained  and  illustrated  this  hypothesis 
in  an  elementary  work  on  chemistry,  published  in  1812. 
Upon  this  view,  which  has  been  adopted  by  M •  Bera^lius  and 
some  other  philosophers,  I  have  shown  that  chemical  attrac- 
tions may  be  exalted,  modified,  or  destroyed,  by  changes  in 
the  electrical  states  of  bodies ;  that  substances  will  only  com- 
bine when  they  are  in  different  electrical  states ;  and  that, 
by  bringing  a  body  naturally  positive,  artificially  into  a  nega- 
tive state,  its  usual  powers  of  combination  are  altogether  de- 
stroyed :  and  it  was  by  an  application  of  this  principle  that, 
in  1807,1  separated  the  bases  of  the  alkalies  from  the  oxygen 
with  which  they  are  combined,  and  preserved  them  for  exam- 
ination ;  and  decomposed  other  bodies  formerly  supposed  to 
be  simple. 

It  was  in  reasoning  upon  this  general  hypothesis  likewise 
that  I  was  led  to  the  discovery  which  is  the  subject  of  this 
paper. 

Copper  is  a  metal  only  weakly  positive  in  the  electro-chem- 
ical scale  ;  and,  according  to  my  ideas,  it  could  only  act  upon 
sea  water  when  in  a  positive  state ;  and  consequently,  if  it  could 
be  rendered  slightly  negative,  the  corroding  action  of  sea  water 
upon  it  would  be  null ,  and  whatever  mignt  be  the  differences 
of  the  kinds  of  copper  sheeting  and  their  electrical  action  up- 
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each  other,  still  every  effect  of  chemical  action  must  be  pre- 
vented, if  the  whole  surface  were  rendered  negative.  But 
how  was  this  to  be  effected  ?  I  at  first  thought  of  using  a  vol- 
taic battery  ;  but  ihis  could  be  hard!;  applicable  in  practice. 
I  next  thought  of  the  contact  of  zinc,  tin,  or  iron  :  but  I  was 
for  some  tim<;  prevented  from  trying  this,  by  the  recollection 
that  the  copper  in  the  voltaic  battery,  as  well  as  the  zinc,  is 
dissolved  by  the  action  of  diluted  nitric  acid ;  and  by  the  fear 
that  too  large  a  mass  of  oxidable  metal  would  be  required  to  pro- 
duce decisive  results.  After  reflecting,  however,  for  some 
time  on  the  slow  afnl  weak  action  of  sea  water  on  copper, 
and  the  small  difference  which  must  exist  between  their  elec- 
trical powers ;  and  knowing  that  a  very  feeble  chemical  ac- 
tk>n  would  be  destroyed  by  a  very  feeble  electrical  force,  I 
resolved  to  try  some  experiments  on  the  subject :  I  began 
with  an  extreme  case.  I  rendered  sea  water  slightly  acidu- 
lous by  sulphuric  acid,  and  plunged  into  it  a  polished  piece  of 
copper,  to  which  a  piece  of  tin  was  soldered  equal  to  about 
^^  of  the  surface  of  the  copper.  Examined  after  three 
days,  the  copper  remained  perfectly  clean,  while  the  tin 
was  rapidly  corroded:  no  blueness  appeared  in  this  liquor; 
though,  in  a  comparative  experiment,  when  copper  alone  and 
the  same  fluid  mixture  was  used,  there  was  a  considerable 
corrosion  of  the  copper,  and  a  distinct  blue  tint  in  the  liquid. 

If  j^j  part  of  the  surface  of  tin  prevented  the  action  of 
sea  water  rendered  slightly  acidulous  by  sulphuric  acid,  I  had 
no  doubt  that  a  much  smaller  quantity  would  render  the  ac- 
tion of  sea  water,  which  depended  only  upon  the  loosely  at- 
tached oxygen  of  common  air,  perfectly  null ;  and  on  trying 
7I7  P^it  of  tin,  I  found  the  ej^ect  of  its  preventing  the  cor- 
rosion of  the  copper  perfectly  decisive. 

(5.)  This  general  result  being  obtained,  I  immediately  in- 
stituted a  number  of  experiments,  in  most  of  which  I  was  as- 
sisted by  Mr  Faraday,  to  ascertain  all  the  circumstances 
connected  with  the  preservation  of  copper  by  a  more  oxklable 
metal.  I  found,  that  whether  the  tin  was  placed  either  in  the 
middle,  or  at  the  top,  or  at  the  bottom  of  the  sheet  of  copper, 
its  effect  were  the  same ;  but,  after  a  week  or  ten  days,  it  was 
found  that  the  defensive  action  of  the  tin  was  injured,  a  coat- 
ing of  sub-muriate  having  formed,  which  preserved  the  tin 
from  the  action  of  the  liquid. 

With  zinc  or  iron,  whether  malleable  or  cast,  no  such  dimi- 
nution of  effect  was  produced.  The  zinc  occasioned  only  a 
white  cloud  in  the  sea  water,  which  speedily  sunk  to  the  bot- 
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torn  of  the  vessel  in  which  the  experiment  was  made.  The 
iron  occasioned  a  deep  orange  precipitate ;  but  after  many 
weeks,  not  the  smallest  portion  of  copper  was  found  in  the 
water  ;  and  so  far  from  its  surface  being  corroded,  in  many 
parts  there  was  a  regeneration  of  zinc  or  of  iron  found  upon  it. 

(6.)  In  pursuing  these  researches,  and  applying  them  to 
every  possible  form  and  connexion  of  sheet  copper,  the  results 
were  of  the  most  satisfactory  kind.  A  piece  of  zinc  as  laree 
as  a  pea,  or  the  point  of  a  small  iron  nail,  were  found  fully 
adequate  to  preserve  forty  or  fifty  square  inches  of  copper ; 
and  this,  wherever  it  was  placed,  whether  at  the  top,  bottom, 
or  in  the  middle  of  the  sheet  of  copper,  and  whether  the  cop- 
per was  straight  or  bent  or  made  into  coils.  And  where  the 
connexion  between  different  pieces  of  copper  was  completed 
by  wires,  or  thin  filaments  of  the  fortieth  or  fiftieth  of  an  inch 
in  diameter,  the  effect  was  the  same ;  every  side,  every  sur- 
face, every  particle  of  the  copper  remained  bright,  whilst  the 
iron  of  the  zinc  was  slowly  corroded. 

A  piece  of  thick  sheet  copper,  containing  on  both  sides 
about  sixty  square  inches,  was  cut  in  such  a  manner  as  to 
form  seven  divisions,  connected  only  by  the  smallest  filaments 
that  could  be  left,  and  a  mass  of  zinc,  of  the  fifth  of  an  inch 
inch  in  diameter,  was  soldered  to  the  upper  division.  The 
whole  was  plunged  under  sea  water ;  the  copper  remained 
perfectly  polished*  The  same  experiment  was  made  with 
iron :  and  now,  after  a  lapse  of  a  month,  in  both  instances, 
the  copper  is  as  bright  as  when  it  was  first  introduced,  whilst 
similar  pieces  of  copper,  undefended,  in  the  same  sea  water, 
have  undergone  considerable  corrosion,  and  produced  a  large 
quantity  of  green  deposit  in  the  bottom  of  the  vessel. 

A  piece  of  iron  nail  about  an  inch  long  was  fastened  by  a 
piece  of  copper  wire,  nearly  a  foot  long,  to  a  mass  of  sheet 
copper,  containing  about  forty  square  inches,  and  the  whole 
plunged  below  the  surface  of  sea  water ;  it  was  found,  after  a 
week,  that  the  copper  was  defended  by  the  iron  in  the  same 
manner  as  if  it  had  been  in  immediate  contact. 

A  piece  of  copper  and  a  piece  of  zinc  soldered  together  at 
one  of  their  extremities,  were  made  to  form  an  arc  in  two  dif- 
ferent vessels  of  sea  water ;  and  the  two  portions  of  water 
were  connected  together  by  a  small  mass  of  tow  moistened  in 
the  same  water ;  the  effect  of  the  preservation  of  the  copper 
took  place  in  the  same  manner  as  if  they  had  been  in  the 
same  vessel. 

As  the  ocean  may  be  considered,  in  relation  to  the  quantl- 
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ij  6f  copper  in  a  ship,  as  'an  infinitely  extended  conductor, 
I  endeavoured  to  ascertain  whether  this  circumstance  would 
influence  the  results ;  bj  placing  two  very  fine  copper  wires, 
one  undefended,  the  other  defended  by  a  particle  of  zinc,  in 
a  very  large  vessel  of  sea  water,  which  water  might  be  con- 
sidered to  near  the  same  relation  to  so  minute  a  portion  of 
metal  as  the  sea  to  the  metallic  sheeting  of  a  ship.  The  re- 
sult of  this  experiment  was  the  same  as  that  of  all  the  others ; 
the  defended  copper  underwent  no  change  ;  the  undefended 
tarnished,  and  deposited  a  green  powder. 

Small  pieces  of  zinc  were  soldered  to  different  parts  of  a 
a  large  plate  of  copper,  and  the  whole  plunged  in  sea  water  ; 
it  was  found  that  tne  copper  was  preserved  in  the  same  man- 
ner as  if  a  single  piece  had  been  used. 

A  small  piece  of  zinc  was  fastened  to  the  top  of  a  plate  of 
polished  copper,  and  a  piece  of  iron  of  a  much  larger  size  was 
soldered  to  the  bottom,  and  the  combination  placed  in  sea 
water.  Not  only  was  the  copper  preserved  on  both  sides  in 
the  same  manner  as  in  the  other  experiments,  but  even  the 
iron  ;  and  after  a  fortnight,  both  the  polish  of  copper  and  the 
iron  remained  unimpaired. 

(7.)  I  am  continuing  these  researches,  and  I  shall  commu- 
nicate such  of  them  as  are  connected  with  new  facts,  to  the 
Roval  Society. 

'the  Lords  Commissioners  of  the  Admiralty,  with  their 
usual  zeal  for  promoting  the  interests  of  the  Navy  by  the  ap 
plication  of  science,  have  given  me  permission  to  ascertam 
the  practical  value  of  these  results  by  experiments  upon  ships 
of  war;  and  there  seems  every  reason  to  expect  (unless  cau- 
ses should  interfere  of  which  our  present  knowledge  gives  no 
bidications'l  that  small  quantities  of  zinc,  or  which  is  much 
cheaper,  ol  malleable  or  cast  iron,  placed  in  contact  with  the 
copper  sheeting  of  ships,  which  is  all  in  electrical  connexion, 
will  entirely  prevent  its  corrosion.  And  as  negative  elec- 
tri'^ity  cannot  be  supposed  favourable  to  animal  or  vegetable 
life ;  and  as  it  occasions  the  deposition  of  magnesia,  a  sub- 
stance exceedingly  noxious  to  land  vegetables,  upon  the  cop- 
per surface ;  and  as  it  must  assist  in  preserving  its  polisn, 
there  is  consideraqle  ground  for  hoping  that  the  same  appli- 
cation will  keep  the  bottoms  of  ships  clean,  a  circumstance  of 
grent  importance  both  in  trade  and  naval  war. 

It  will  be  unnecessary  for  me  to  dwell  upon  the  economi- 
cal results  of  this  discovery,  should  it  be  successful  in  actual 
practice,  or  to  point  out  its  uses  in  this  great  maritime  and 
commercial  country. 
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1  might  deacrihe  etber  affilicationft  of  tbe.  prbciple  la  tbr 
preservatioko  of  iroo,  steel,  tin,  brass,  and  various  useful  met-: 
als ;  but  1  sball  reserve  part  of  the  subject  for  another  com- 
DUioication  to  the  Royal  Society. 


Art.  XXV  III — Mstract  of  a  Report  on  the  StaU  of  the  Elm  Trees 
in  St.  Jameses  and  Hyde  Parks.  DrawD  up  at  the  request 
of  Lord  Sidney,  the  Kanger,  for  the  Treasury,  by  W.  S* 
Macleay,  Esq.  A*  M.  F«  L  S.  &c.  &c. 

[£cli».  Philos*  Jour*2 

{The  following  remarks  coi^pose  the  substance  of  a  Report  on  the  State  of 
the  Elm  Trees  in  St  James's  and  Hyde  Parks,  which  was  lately  drawn  up 
at  the  request  of  Lord  Sidney,  the  Ranger,  in  order  to  be  presented  to  the 
Treariiiy.  As  it  is  powiUe  that  sone  of  your  readers  may  have  trees  ef- 
fected in  a  similar  manuerT  perhaps  a  communication  on  the  subject  may 
not  be  deemed  unworthy  of  a  place  in  the  pages  of  the  Edinburgh  Philo- 
sophical Journal.    1  have  the  honour  to  be,  ke, 

T#  Profeaor  Jaussov.  W.  S.  Maolbat.] 

So  little  attention  has  hitherto  been  paid  to  the  causes  of 
disease  in  trees,  that  few  persons  ever  think  of  attributing  it 
to  any  other  origin  than  one  entirely  vegetable,  or,  in  otner 
words,  to  the  constitution  of  the  plant  itself.  Yet,  in  every 
case,  perha{)s,  where  the  disease  is  infectious,  and  parlicular-  ^ 
ly  where  it  is  confined  in  a  plantation  or  forest  to  the  individ- 
uals of  one  species  of  tree,  we  may  reckon  with  certainty  on  ; 
its  proceeding  from  the  attacks  of  some  insect.  Every  tree, 
nay,  indeed,  every  plant  seems  to  have  one  or  more  species 
of  insect  destined  by  Nature  to  feed  on  it;  and  when,  from 
the  combination  of  various  causes  (such,  for  instance,  as  the 
weakness  of  vegetation  in  a  particular  air  or  soil,  inattention 
to  the  evil  at  the  proper  time  for  effectually  checking  it,  &:c.), 
the  number  of  insects  which  attack  trees  necomes  increased 
beyond  its  due  limit,  we  must  either  apply  the  axe  without 
scruple  to  the  s^Mt  of  the  disease,  or  inake  up  our  minds  to 
submit  to  the  uMer  destruction  of  our  plantations. 

Almost  all  timber-eating  insects  are  comprised  in  three  or- 
ders, viz.  ColeopterOy  or  beedes;  Lepidopteray  or  moths,  butter- 
flies, &,c. ;  and  Hymmapitra^  or  bees,  wasps,  &c.  All  these 
in  their  youngest  state  are  worms  or  larvae,  and  it  is  while  in 
this  state  of  thfir  life  that  they  commit  the  direct  injury  to 
the  trees,  either  by  gnawing  off  the  bark,  or  devouring  the 
vood.    The  communication  of  the  disease  to  other  trees  is 
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periodical ;  for  when  the  above  mentioned  worms  or  larvae 
arrive  at  their  perfect  and  winged  state,  the  mischief  commit- 
ted by  them  dirutly  is  comparatively  trifling,  and,  in  fact, 
generally  results,  not  so  much  from  their  voracity,  as  from 
their  altempts  to  extricate  themselves,  and  to  arrive  at  the 
external  air,  or  from  their  endeavours  to  commit  their*  eggs 
to  a  proper  nidus.  But  as  they  are  now  winged,  and  capa- 
ble of  depositing  myriads  of  e^,  the  germs  of  as  many  de- 
vouring larvae,  the  disease  is  ^us  dispersed  throughout  the 
neighbourhood  of  the  tree  originally  mfected.  If,  however, 
it  be,  in  this  their  perfect  state,  that  the  insects  are  most  for- 
midable, having  attained  the  power  of  propagating  the  dis- 
ease, it  is  also  from  an  accurate  knowledge  of  them  while  in 
this  state,  that  we  can  alone  derive  any  hope  of  being  able  to 
counteract  their  mischief. 

The  first  thing,  indeed,  to  be  done  in  all  such  cases  is,  to 
ascertain  the  species  of  perfect  insect  which  occasions  the 
disease.  The  experienced  naturalist  is  able  from  this  exam* 
ination  of  the  worm  or  larvae  which  be  finds  devouring  the 
wood,  not  only  to  ascertain  the  order  and  family,  but  often 
the  genus,  and  even  the  species  of  winged  msect  which  has 
produced  it;  and  having  determined  the  genus  or  species,  it 
becomes  an  easy  matter  to  know  the  season  of  its  appear- 
ance. None  of  these  timber-eating  insects  remain  in  their 
perfect  or  winged  state  throughout  the  year,  and  rarely  for 
more  than  eight  weeks.  We  may  therefore  easily  ascertain 
the  proper  time  for  cutting  down  those  trees  which  are  so 
much  infected  with  larv«,  as  to  afford  no  hop^  of  saving  them ; 
for  it  would  obviously  be  the  height  of  imprudence  not  to 
seize  the  only  opportunity  of  preventing  the  annual  disper- 
sion of  the  disease,  by  destroying  the  brood  of  larvae  wnile 
yet  in  the  tree. 

As  soon  as  metamorphosis  has  taken  place,  as  soon  as  the 
winged  insect  has  made  its  appearance,  the  mischief  for  the 
ensuing  year  is  done.  Not  only  is  time  thus  lost,  and  more 
trees  inevitably  destroyed,  but  the  future  eradication  of  the 
disease  is  rendered  much  more  difficult. 

We  may  also  derive  another  advantage  from  ascertaining 
the  habits  of  that  particular  insect,  which  causes  the  disease, 
and  the  season  of  its  appearance,  for  it  is  often  thus  possible, 
by  timely  measures,  even  in  places  where  the  perfect  insect 
is  prevalent,  to  prevent  any  aeposition  of  eggs  in  such  wood 
as  may  have  remained  sound.  At  all  events,  the  devastation 
committed  by  these  animals  is  at  times  so  great,  that  it  i$ 
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dearly  wdrth  while  to  make  experimeats  to  obviate  it;- al» 
though  it  is  difficult  to  conceive  how  such  experiments  can 
ever  be  made  philosophically  by  persons  who  do  not  in  the 
first  instance  make  themselves  acquainted  with  the  natural 
history  of  that  particular  species  of  destructive  insect  which 
may  tiave  occask>ned  the  mischief* 

Of  the  evil  which  is  mentioned  above  in  general  terms,  St 
James's  and  Hyde  Parks  affi>rd  us  at  present  too  many  ex- 
amples. The  elm  trees  in  both,  and  particularly  in  St  James's 
Park,  are  rapidly  disappearing,  and  unless  decisive  measures 
be  soon  taken  to  resist  the  progress  of  the  contagion,  we  must 
not  only  expect  every  tree  of  this  species  to  be  destroyed  in 
the  Parks,  but  may  have  to  regret  the  dissemination  of  the 
evil  throughout  the  vicinity  of  London. 

In  St  James's  Park,  which  has  more  partkularly  been  sub- 
ject to  my  examination,  there  are  several  species  of  beetle  to 
be  found  attacking  the  elms.  That  species,  however,  which 
occasions  all  the  havoc  whkh  we  have  now  to  lament  in  the 
Mall  and  Bird-Cage  Walk,  is  the  Hylesinus  destructor  of  Fa- 
bricius,  or  Scolytua  destructor  of  Latreille,  an  insect  of  which 
the  historv  is  briefly  as  follows. 

A  small  beetle,  with  its  head  rather  covered  with  hair,  hav- 
ing a  polished  black  thorax,  and  brown  wmg-cases,  may  be 
seen  in  numbei^  running  over  the  trunks  of  the  elms  from  the 
end  of  March  to  the  first  days  of  JuIt,  but  principally  about 
the  end  of  May  or  commencement  of  June.  It  may  then  be 
seen  enterine  into  holes,  with  which  the  bark  appears  per- 
forated as  tDough  with  a  gimlet.  It  insinuates  itself  into 
these  holes,  or  into  the  crevices  of  the  bark,  for  the  purpose 
of  depositing  its  eggs.  On  stripping  off  a  piece  of  the  loose 
bark,  we  may  easily  at  any  season  understand  how  the  bark- 
ing of  trees  is  affected  by  these  minute  animals,  for  the  sur- 
face of  the  wood  thus  exposed  presents  to  the  view  innumer- 
able impressions,  which  msty  be  compared  to  impressions  or 
casts  of  large  and  broad  scolopendrse. 

The  middle  or  body  of  this  singular  impression*  marks  the 
path  of  the  perfect  female  insect,  while  employed  in  laying 
her  eggs,  which  is  to  her,  as  to  most  other  winged  insects,  the 
immediate  forerunner  of  death.     From  this  tubular  path,  how- 


*  Impressions  of  a  similar  nature,  when  made  on  the  wood  by  insects  of  a 
neighbouring  eenus,  have  i^iven  nse  to  such  trivial  names  as  typographutf 
miarographtitjuc,  with  which  the  entomologist  b  so  familiar  in  the  genus 
Stfitriehu9> 
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erer,  in  which  she  deposiu  her  eggs,  the  larva,  which  are 
hatched  from  these  eggs,  in  the  shape  of  little  white  apod 
worms,  proceed  nearly  at-  right  angles,  eating  their  way  ia 
parallel  smaller  tubes,  which,  lying  close  to  each  other,  ef< 
fectually  serve  to  separate  the  bark  from  the  tree*  The  lar^ 
v«  remain  feeding  in  the  tree,  generally  between  the  baric  and 
the  wood,  throughout  the  winter  season.  About  the  com* 
mencement  of  spring  they  assume  the  papa  or  nymph  state, 
and,  before  the  end  of  this  season,  the  bark  of  aft  infected  tree 
begins  to  appear  as  if  all  its  crevices  were  full  of  a  very  fine 
-sawKlust.  The  last  change  of  the  insect  takes  place ;  and  be- 
ing now  winged,  it  tries  to  arrive  at  the  external  air,  for  the 
purpose  of  propagating  its  species,  and  l^ing  its  eggs  in  other 
trees.  Each  hole,  which  now  appears  as  if  made  with  a  gim- 
let, marks  the  exit  of  a  perfect  insect*  In  the  first  instance^ 
•the  voracity  of  the  larvae,  and,  in  the  second,  the  endeavours 
cf  the  perfect  insects  to  liberate  themselves  from  the  wood, 
particularly  when  such  attempts  are  made  by  almost  infinite 
number&i  soon  occasion  the  bark  to  fall  in  large  pieces.  The 
consequence  is,  that  the  new  leaves  only  make  their  appear- 
unce  to  wither,  and  the  tree  perishes. 

The  early  entomologists,  little  acquainted  with  metamor- 
phosis, on  finding  the  perfect  Hylesinus  destructor  (ie  Scolyte. 
of  Geoffrey),  on  dead  or  dying  trees,  erroneously  considered 
then*  disease  to  be  the  cause,  and  not  to  be  the  eflfect  of  the 
insect^s  appearance.  Hence  the  habitat  of  this  species,  in  ma- 
ny of  the  older  entomological  works  is  said  to  be  rotten  wood* 
The  absurdity  of  this  notion  will,  however,  be  obvious,  on 
the  slightest  investigation  of  the  evil,  in  its  earlier  stages*  It 
is,  for  instance,  allowed  on  all  hands,  that  the  tree  perishes 
by  being  barked ;  and  the  mere  inspection  of  any  of  the  trees 
80  barked  will  sufficiently  shew  that  the  mischief  is  effected 
in  the  manner  above  stated.  In  order  to  prove  that  experien- 
ced naturalists  are  now  aware  of  the  true  cause  of  such  vege- 
table diseases,  it  may  be  sufikient  for  me  to  cite,  from  the 
third  volume  of  M.  Cuvier's  Regne  Animal,  the  prefatory 
remarks  of  Mu  Latreille  on  the  whole  family  of  insects  to 
which  the  Hylesinus  destructor  belongs :  ^  Les  Xylophages  vi- 
vent  presque  tons  dans  Ic  bois ,  les  larves  percent  ou  y  creur 
«ent  des  sillons  en  divers  seus ;  et  lorsqu'elles  sont  tres  abon- 
*dantes  dans  una  foret,  particulerement  dans  celles  de  pins  et 
<]e  sapins,  elles  font  perir  en  peu  d^annees,  une  grande  quan- 
tite  d'arl^-es,  ou  les  mettent  hors  d'etat  d^etre  employes  utile- 
ment  dans  Jes  arts.^ 
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On  a  review  of  the  above  remarks,  it  seems,  in  the  first 
place,  advisable  for  those  persons  who  have  elm  trees  in  the 
itate  of  those  in  the  Park^,  to  inspect  them  twice  every  year, 
first,  in  summer,  when  the  perfect  insect  is  on  wing ;  and,  sec- 
ondly, in  winter,  when  those  trees  which  are  much  infected 
ought  to  be  cut  down.  Such  trees  ought,  if  possible,  to  be  burn* 
ed  with  the  larvae  in  them,  or  if  this  be  not  convenient,  they 
should  immediately  be  subjected  to  such  heat  or  fumigations 
as  may  destroy  the  larvae,  which  at  this  season  are  near  the 
surface,  and  therefore  not  so  difficult  to  kill.  To  rest  con- 
tent with  having  cut  down  the  trees,  without  destroying  the 
larvae,  or  even  removing  the  trunks  from  the  vicinity  of  the 
sound  wood,  is,  in  reality,  to  do  no  good  at  all. 

It  may  also  be  recommended,  that  no  more  elm  trees  be, 
during  the  continuation  of  the  disease,  planted  in  places  where 
it  is  prevalent.  The  Hylesinus  destructor  is  peculiar  to  the 
elm,  and  was  in  all  probability  introduced  into  the  Parks, 
with  some  of  the  young  elms  which  have  lately  been  planted 
in  different  parts  of  them.    The  other  species  of  trees,  in  these 

J)laces  of  public  resort,  seem,  on  the  whole,  to  be  very  free 
rom  disease ;  but  in  planting,  and  particularly  in  ornamental 
planting,  it  may  be  well  to  bear  in  mind,  that  mdigenous  trees 
are  much  more  subject  to  the  attacks  of  our  indigenous  in- 
sects, than  those  which  are  not  natives  of  this  country. 

With  respect  to  those  trees  which  are  in  an  unsound  state, 
it  is  very  difficult  to  point  out  a  cure  for  them.  When  the 
insects  attack  the  branches,  these  ought  obviously  to  be  ex- 
amined, and  if  infected,  ought,  as  soon  as  possible,  to  be  lop- 
ped off,  and  burnt.  I  scarcely  know,  however,  what  to  pro- 
pose, for  the  preservation  of  those  trees,  of  which  the  trunks 
are  infected.  Perhaps  it  may  be  of  use  to  cover  over,  in  the 
month  of  March,  with  a  mixture  of  tar  and  train  oil,  to  a  cer- 
tain height  from  the  ground,  all  such  trees  as  it  may  be 
thought  proper  to  attempt  to  save.  I  venture  to  recommend 
this  coating  of  tar,  not  only  by  way  of  experiment,  as  pro- 
tecting the  trunks  from  the  access  of  the  perfect  insects,  but 
for  the  purpose  of  filling  those  little  rouna  boles,  which,  it  is 
easy  in  summer  for  an  accurate  observer  to  perceive,  afford 
peculiar  facilities  for  the  communication  of  (he  disease. 

To  those  persons  who,  being  unacquainted  with  natural  his- 
tory, may  therefore  be  disposed  to  neglect  the  power  of  these 
insects,  because  they  are  individually  minute,  and  who  totally 
overlook  the  consequences  of  their  being  almost  infinite  in 
number,  I  have  only  to  remark,  that  they  may  judge  from 
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what  these  animals  have  already  done  in  the  Parks,  how 
much  mischief  they  are  capable  of  effecting.  In  the  year 
1780,  an  insect,*  of  the  same  natural  family  as  the  HyUsinus 
destrucior^  made  its  appearance  in  the  pine  forests  of  the 
Hartz,  and  was  neglected.  In  the  year  1783,  whole  forests 
had  disappeared,  and,  for  want  of  fuel,  an  end  was  nearly 
put  to  the  mining  operations  of  this  extensive  range  of  coun- 
try. At  the  present  moment,  also,  the  French  government  is 
in  alarm  at  the  devastation  committed  in  their  arsenals,  by  an 
insect  well  known  to  naturalists,  under  the  name  of  Lymeocylon 
navale.  About  ten  years  ago,  the  principal  naval  engineer  at 
Toulon,  M.  de  Cerisier,  who  happened  to  be  conversant  with 
entomology,  discovered  this  insect  in  the  dock-yards,  and  re- 
commended certain  precautions  to  be  taken  for  the  preserva- 
tion of  the  timber  there  lodged.  The  French  Government 
objected  to  the  expense  requisite  for  obviating  an  evil,  of 
which,  as  yet,  they  had  no  experience  ;  and  now,  when  per- 
haps it  is  too  late,  the  minister  of  Marine  has  determined  to 
follow  M.  de  Cerisicr's  advice.  It  is  from  such  instances 
that  we  perceive  the  truth  of  an  observation  made  by  a 
French  academician,  while  alluding  to  the  devastation  which 
such  insects  may  occasion  :  "  L'histoirc  de  ccs  ani^maux  merite 
d^etre  connu,  a  raison  de  son  extreme  importance,  dc  tous  les 
grands  proprietaires  ct  surtout  par  les  inspecteurs  generaux 
de  nos  forels;  elles  ont  aussi  leurs  insectes  dcstructcurs,  et  ils 
verroient  combien  de  causes  qui  dans  le  principe  ne  fixcnt  au 
moment  Pattention  peuvent  par  nej;ligence  devinir  funestes  a 
I'etat." 

Aprils  1824. 


Art.  XXIX. — Remarks  on  the  Geology  of  Boston  and  its  Vir 
cinily.     By  J.  W.  Webster,  M.  D.  &c. 

The  peninsula  upon  which  the  city  of  Boston  is  built  has 
as  yet  afforded  little  to  interest  the  geologist,  and  the  sections 
of  the  strata  composing  it,  which  have  been  made,  are  as  yet 
too  inconsiderable  to  enable  us  to  arrive  at  any  very  satisfac- 
tory conclusions  as  to  its  geological  structure.  Future  and 
more  extensive  observations  will,  it  is  to  be  hoped,  authorize 
a  more  minute  description  than  can  at  present  be  given.     The 

^  Battrychw  typographut.  Fab. 
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notes  of  the  borings  for  water  and  the  sections  made  in  con- 
structing wells,  as  far  as  they  have  fallen  under  my  observa- 
tion, exhibit,  with  one  exception,  no  rocks  in  place^  but  alter* 
nating  layers  of  plaslic  clay,  gravel  and  sand.*  It  is  some- 
what remarkable  that  in  a  formation  so  analogous  to  the 
{elastic  clay  formation  of  Liondon  and  some  other  well  known 
ocalities,  no  fossil  remains  have  as  yet  been  discovered ;  wc 
cannot  but  indulge  the  hope,  however,  and  have  every  reason 
to  expect,  that  they  will  at  no  very  distant  period  be  met 
with.t  '  i 

The  only  rock  which  has  been  found  in  place  and  at  a  con- 
siderable depth  under  the  surface,  is  a  variety  of  clay  slate 
of  a  light  grey  colour,  dotted  with  minute  points  of  black; — it 
is  the  variety  known  among  mineralogists  as  TBoket-slaU*     Sev- 

*  In  tho  3d  vol.  of  the  Memoirs  of  the  American  Academy  is  a  paper  on 
the  springs  and  wells  of  Boston,  by  the  late  Rev.  Dr  Lathrop,  in  which  the 
tfbltowing  is  given  as  a  section  of  tne  southeasterly  side  of  Beacon  hilt. 

ft.  in. 
I.  McMild  and  vellowearth  -  -  -  -  Q    6 

a.  Yellow  earth  with  sand  -  -  -  16 

S.  Yellow  sand  with  small  stones,  slate  and  qaartz      •  -  6 

4.  Fine  grey  sand  ....  ^ 

5.  Grey  sand  of  a  coarse  sort  with  small  stones  •  -  6 
<6.  Fine  soft  rellow  sand        -               -                -               -  4 

7.  Grey  sand  with  slate  and  quorfe  -  -  -  « 

8.  Blue  clay  with  small  stones  of  the  same  colour  and  very  Uttle  vari- 
ation -  -  -  •  *  -         63 
.  9.  Indurated  clay,  with  larger  stones,  of  the  slate  kind  chiefly ;  one 
with  ferruginous  veins  and  an  incrustation  of  calcareous  matter  which 
effervesces  with  an  acid                   ...               .3 

10.  A  mixture  of  clay  and  gravel,  with  smooth  stones  like  those  com- 
cnonly  found  on  the  sea  shore,  and  appear  as  if  rubbed  against  each 
•other  •-.---  2 

96    0 

This  well  (which  is  in  the  yard  of  the  state  house)  is  96  feet  deep  ;  its  bot- 
tom is  about  7  feet  above  the  level  of  the  sea. 

Dr  Latbrop  speaks  of  an  attempt  made  at  the  sooth  western  part  of  the 
peninsula,  to  dig  a  well  **  near  the  sea."  "  Having  dug  about  60  feet 
in  a  .  body  of  clay  without  finding  water,  preparation  was  made  in  the 
usual  way  for  boring,  and  after  passing  about  40  feet  in  the  same  body  of  clay^ 
the  auger  was  impeded  with  stone.  A  few  strokes  with  a  drill  broke  through 
the  slate  covering,  and  the  water  gushed  up  with  such  rapidity  and  force  that 
the  workmen  with  difficulty  ^ere  saved  irom  death." 

A  few  months  since,  in.  repairing  an  old  well  (ibe  bottom  of  which  was 
32  feet  below  the  surface)  near  the  head  of  Elm  Street,  a  stratum  of  com- 
pact yellowish  clay  was  cut  through,  which  continued  30  feet,  more  or  less, 
intermixed  with  fine  sand  and  eravel ;  this  was  underlaid  by  a  still  more 
compact  clay  containing  small  fragments  of  clay  slate. 

t  Oyster  and  clam  shells,  not  however  in  a  fossil  state,  are  oflen  met  with 
in  digging  wells,  and  several  have  lately  been  found  about  60  feet  below  the 
•sufface  of  Copps'  hill. 
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eral  years  ago  a  rock  of  sienite  was  to  be  seen  near  the  wes- 
tern extremitj  of  the  common,  apparently  passing  from  under 
'  Beacon  hilL  For  a  considerable  time  1  was  inclined  to  be« 
lieve  that  this  was  the  extreme  point,  or  out-going,  of  a  bed  of 
this  rock,  but  repeated  examination  of  the  hill  has  since  led 
me  to  doubt  the  correctness  of  that  opinion,  and  to'  suspeet 
that  this  mass  was  one  of  those  large  boulders  which  are  so 
common  in  the  clay  of  this  vicinity.  Not  long  since  I  noticed 
in  the  clay  of  Beacon  hill  a  mass  of  amygdaloid  exceeding 
four  feet  in  diameter,  and  agreeing  in  every  respect  with  the 
rock  so  abundant  at  Brighton. 

The  three  hills  to  which  Boston  owed  its  ancient  name,  and 
so  much  of  its  picturesque  beauty,  have  been  in  a  great  meas- 
ure removed,  and  great  facilities  have  thus  been  afforded  for 
studying  their  geological  structure.  Copps'  hill  at  the  north- 
eastern extremity  of  the  peninsula  is  composed  of  hard,  com- 
pact clay,  containing  many  small  boulders  of  various  primi- 
tive rocks,  and  others  which  can  be  identified  with  the  strata 
of  the  opposite  main  land,  Oharlestown. 

Beacon  hill,  originally  about  140  feet  in  height,  on  the  wes« 
tern  side  of  the  city,  is  likewise  composed  of  clay  intermixed 
with  quartzose  gravel,  and  boulders  of  transition  rocks,  such 
as  are  seen  in  place  at  Brighton  and  Brookline. 

Fort  hill  on  the  southeastern  side  of  the  city,  rising  about 
80  feet  above  the  level  of  the  sea,  agrees  in  structure  with 
that  portion  of  the  opposite  mam  land  known  as  South- 
Boston. 

The  clay  in- these  three  hills  is  the  impure  potter's  clay, 
which  makes  so  conspicuous  a  feature  in  the  geological  struc- 
ture of  the  low  lands  of  this  vicinity,  and  of  which  such  im- 
^  portant  use  is  made  in  the  extensive  manufacture  of  bricks 
at  South-Boston,  Charlestown,  and  several  other  places.  This 
clay  is  overlaid  by  the  blue  plastic  clay  and  gravel ;  the  lat- 
ter, however,  extends  but  a  short  distance  from  the  water'^s 
edge. 

More  minute  details  on  the  geolo^  of  the  peninsula  will  be 
reserved  until  better  opportunities  for  examination  have  oc- 
curred ;  which  in  the  present  ardor  for  improvement  cannot 
be  far  distant* 

Crossing  the  arm  of  the  sea  that  flows  on  the  northwest 
and  southwest,  and  which  separates  Boston  from  Charles- 
town  and  Cambridge,  we  observe  the  clay  extending  from 
the  water's  edge,  along  the  low  lands  and  on  the  borders 
of  the  rivers,  to  the  distance,  in  some  places,  of  between  two 
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and  three  miles ;  in  others  it  is  soon  lost  beneath  the  beds  of 
gravel  and  mud*  In  the  town  of  Charlestown  the  land  gradu- 
ally rises  from  the  water's  edge  towards  the  northwest  form- 
ing the  two  eminences  so  well  known  under  th6  names  of 
Bunker's  and  Breed's  hills;  the  former  being  113  feet,  and 
the  latter  87  feet  above  the  sea.  These  eminences  are  com- 
posed, as  far  as  can  yet  be  seen,  of  quartzose  grav.el  inter- 
mixed with  clay ;  the  only  rocks  met  with  upon  them  are 
rolled  masses  of  greenstone,  hornblende  slate,  sienite,  and 
granite.*  In  the  greenstone,  epidote  occurs  in  crystals  of  con- 
siderable size,  with  white  quartz,  and  some  cailcareous  spar. 

From  the  foot  of  Breed's  hill  the  land  continues  for  a  short 
distance  nearly  level,  when  it  gradually  rises,  until  at  Winter 
hill  it  attains  the  elevation  of  124  feet.  This  hill  is  composed 
of  clay  slate  passing  on  the  north  into  hornblende  slate.  These 
rocks  are  distinctly  stratified,  and  the  strata  dip  towards  the 
north  under  an  angle  of  from  15°  to  20^  They  contain  beds 
and  veins  of  greenstone,  which  in  some  places  is  very  com- 
pact, in  others  soft  and  friable,  especially  where  sulphuretted 
iron  is  present  in  the  rock.  From  the  abundance  of  the  clay 
slate  and  its  fissile  character,  it  has  been  by  m^ny  considered 
indicative  of  coal,  and  considerable  expense  has  at  various 
tiroes  been  incurred  in  fruitless  searches  for  that  substance. 
From  careful  and  repeated  examination  of  this  hill  in  every  di- 
rection, I  have  been  unable  to  discover  in  it  any  characteristic 
members  of  the  coal  formation.  The  rocks  which  accompany 
coal  are  of  a  peculiar  character,  and  taken  collectively 
constitute  a  series  to  which  geologists  have  given  the  name 
coal  formation.  To  those  who  have  paid  much  attention  to 
geology  an  enumeration  of  these  rocks  will  be  unnecessary, 
but  as  some  of  our  readers  have  probably  never  looked  into  a 
geological  treatise,  or  examined  a  coal  formation,  and  as  it  is 
well  known  that  in  this  part  of  our  country  coal  is  an  impor- 
tant desideratum,  it  may  be  useful  briefly  to  notice  some  of 
the  principal  rocks  and  minerals  associated  with  this  sub- 
stance. 

Coal  is  generally  found  connected  with  a  sandstone,  com- 
posed of  particles  of  quartz,  variously  mixed  with  grains  of 
feldspar  and  scales  of  mica,  and  these  constituent  parts  arc  of- 

*  It  is  in  contemplation  to  erect  on  Bunker's  hill  a  majestic  monument  in 
commemoration  ot  the  events  of  the  17th  of  June,  1775.  Should  there  be 
no  bed  of  rock  beneath  the  comparatively  loose  materials  of  which,  as  far  sls 
can  now  be  seen,  this  hilt  is  composed,  it  is  deserving  of  serious  considera- 
tion whether  a  foundation  nifficiently  firm  for  such  a  structure  cao  be  an- 
ticipated. 
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tm  so  lai^  as  to  entitle  the  rock  to  the  name  of  Breceia,  or 
Conglomerate. 

Three  varieties  of  slate  are  met  with  in  coal  fields,  viz.  bi- 
Imninofis  shale,  slate-clay,  and  flinty  slate.  The.  shale  is 
more  or  less  impregnated  with  bituminous  matter,  has  a  deep 
brown,  nearly  a  black  colour,  and  a  distinct  slaty  fracture* 
It  usually  contains  impressions  of  reeds  and  ferns.  . 

The  slate-clay  is  of  a  grey  colour,  having  an  earthy  as- 
pect, it  sometimes  contains  scales  of  mica,  and  quartz ;  like 
the  shale,  it  often  presents  vegetable  impressions.  When  this 
sIateK:lay  contains  a  lar|;e  proportion  of  siliceous  earth,  it  is 
hard,  and  becomes  the  flinty  slate. 

Limestone  is  also  found  in  this  formation,  and  its  colour  is 
various;  it  generally  contains  petrifactions :  this  rock  is,  how* 
ever,  not  always  present. 

Carbonate  and  hydrate  of  iron  are  coipmon  in  the  coal 

formations  of  Scotland  and  England,  and  from  them  is  ob* 

^  tained  the  principal  part  of  the  iron  produced  in  Great  Britain^ 

Greenstone  and  pcMrphyry,  of  peculiar  characters,  are  often 

met  with  constituting  veins  and  beds. 

It  has  been  remarked  that  in  some  districts  beds  of  coal 
are  contained  in  the  slate,  which,  as  it  recedes  from  the  coal, 
becomes  coarser  until  it  passes  into  sandstone ;  in  other  cases, 
and  perhaps  ihore  commonly,  the  sandstone  is  beneath  the 
coal,  and  the  slate  above  it.  Sometimes  the  coal  is  cavered 
with  limestone,  at  others  it  rests  upon  it. 

In  Scotland,  according  to  Prof.  Jameson,  and  as  I  have  my- 
self observed,  the  predominating  and  characteristic  members 
of  the  formation  are  those  already  enumerated ;  the  same  is 
true  with  some  little  variation  in  regard  to  the  coal  fields  of 
England,  France,  and  Germany.* 

There  is  but  one  extensive  section  of  the  strata  of  Winter 
hill,  and  this  as  we  shall  presently  have  occasion  to  notice 
more  particularly,  is  through  slate.  But  the  structure  of  the 
surrounding  country  and  the  indisputable  characters  of  the 
slate  are  strong  facts  against  the  existence  of  coal  in  this 
place.  The  slate  has  often  a  high  lustre  and  dark  colour, 
being  at  the  same  time  easily  divisible  into  thin  laminae; 
these  circumstances  have  caused  it  to  be  confounded  by 
those  who  have  not  attended  to  mineralogy,  with  the  shafe 
and  slate-clay  of  the  coal  formation.  But  they  are  readily 
distinguishable  by  the  streak,  hardness,  and  other  characters. 
The  clay  slate  gives  a  greyish  white  streak,  the  shale  a  shin- 
ing brown  streak;  the  slate-clay  is  much  softer  than  clay 
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slate,  it  yields  readily  to  the  Imife,  and  is  rather  friable.  The 
shale  emits  a  bituminous  odour  when  heated,  which  is  not  th& 
case  with  thje  clay  slate.  From  these  characters  and  others 
which  are  to  be  found  in  mineralogical  works,  it  is  evident 
that  these  substances  differ  greatly  from  each  other ;  and  we 
may  soon  learn  to  distinguisn  them.  Nothing  like  the  shale 
has  yet  been  seen  amone  the  rocks  of  Winter  hill. 

In  various  places  on  this  hill  beds  of  greenstone  are  seen 
crossing  the  roads,  and  interstratitied  with  the  clay  slate.  We 
also  notice  many  large  detached  rocks  which  are  foreign  to 
the  strata,  as  the  boulders  of  coarse  granite,  gneiss,  mica  slaie^ 
and  sienite ;  these  are  probably  of  diluvial  origin. 

The  slate  is  in  most  parts  of  the  hill,  where  visible,  crossed 
by  innumerable  seams  running  in  all  directions,  and  the  sur- 
faces of  the  angular  fragments  into  which  it  is  divided  are 
covered  with  a  ferruginous  crust,  arising  from  the  chemical 
change  that  has  taken  place  in  the  iron  pyrites  with  which 
the  rock  is  more  or  less  charged. 

In  a  direction  nearly  parallel  with  Winter  hill,  and  but  a 
short  distance  from  it  on  the  southwest,  is  Prospect  hill.  This 
hill  is  about  130  feet  in  height,  and  exhibits,  like  most  of  the 
eminences  in  this  part  of  the, country,  that  gentle  acclivity, 
and  rounded  summit,  so  common  in  the  transition  formations 
of  the  Wemerian  school.  The  lowest  rock  which  presents 
itself  on  the  southeastern  side  of  this  hill  is  a  greenish 
compact  felspar,  strongly  resembling  in  some  parts  of  the 
bed,  some  varieties  of  limestone.  This  is  an  extensive  bed, 
and  may  be  traced  in  various  parts  of  the  hill  in  a  direction 
from  the  southeast  to  the  northwest.  It  has  an  imperfect 
slaty  structure,  and  passes  into  clay  slate.  It  is  divided  into 
somewhat  irregular  lavers,  and  dips  to  the  south,  inclining 
a  little  to  the  west,  under  an  angle  varying  from  20^  to  50^ 
Towards  i(s  northwestern  extremity  it  is  seen  having  more  of 
the  character  of  clay  slate,  and  covered  by  a  mass  of  trap 
divided  into  imperfect  prisms.  This  superincumbent  trap  is 
probably  the  remnant  of  an  extensive  bed  which  once  cover- 
ed the  whole  of  the  compact  felspar,  and  this  opinion  is  in 
some  measure  supported  by  the  appearances  observable  at 
the  junction  of  the  two  rocks.  The  subjacent  bed,  as  already 
remarked,  has  many  of  the  characters  of  clav  slate,  but  in 
'  the  unmediate  vicinity  of  the  trap  rock  has  a  degree  of  hard- 
ness, a  compact  structure,  and  fracture  almost  like  that  of 
hornstone, — the  slate  seems  to  have  undergone  a  great  and 
remarkable  change.    The  same  appearances  may  1^  noticed 
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in  various  parts  of  the  present  surface  of  this  bed.  It  is 
also  probable  that  the  trap  rocks  seen  near  the  summit 
of  Winter  hill  were  once  a  part  of  the  same  mass,  which  may 
have  been  connected  with  the  ^eenstone  now  seen  between 
the  two  extremities  of  the  bed  of  compact  felspar.  Thus  we 
should  have  the  latter  surrounded  and  coverecl  by  trap  rocks, 
which  in  whatever  manner  it  may  be  explained,  are  now 
known  to  have  affected  the  texture  of  the  rocks  with  which 
they  came  in  contact. 

The  mass  of  trap  which  I  have  remarked  as  interposed  be- 
tween the  two  extremities  of  the  bed  just  described,  has  more  of 
the  characters  of  sienite  than  have  any  other  of  the  trap  rocks 
of  these  hills.  It  is  distinctly  seen  on  the  southwestern  side  of 
Prospect  hill,  where  it  has  been  quarried  for  architectural  pur- 
poses. The  general  characters  of  this  bed  are  those  of  dis- 
tinct greenstone,  the  hornblende  and  felspar  being  present  in 
it  in  nearly  equal  proportion :  but  in  some  parts  it  contains 
quartz  and  is  distinct  sienite.  This  rock  is  one  of  those  which 
we  so  often  find  having  characters  belonging  to  two  distinct 
compounds,  and  to  this  the  term  sienitic  greenstone  is  pecu- 
liarly applicable.  In  some  parts  of  the  bed  the  felspar  pre- 
dommates,  and  has  a  fine  flesh-colour ;  in  one  place  the  prisms 
of  felspar  are  an  inch  or  more  in  length,  and  cross  each  other 
in  all  directions,  leaving  angular  spaces,  which  contain  de- 
composing prehnite,  and,  rarely,  distinct  crystals  of  quartz. 
These  prisms  of  felspar  are  somewhat  peculiar,  as  they  uni- 
formly nave  an  exterior  portion  of  a  dark  brown  colour,  in- 
vesting the  mass  of  the  crystal  which  is  of  a  lively  flesh  tint : 
when  broken  longitudinally,  the  contrast  is  striking. 

This  sienitic  greenstone  is  crossed  in  various  directions  by 
fissures,  the  walls  of  some  of  which  are  encrusted  with  thin 
layers  of  felspar ;  others  are  filled  up  with  this  mmeral.  It 
was  in  one  of  these  veins  of  felspar  that  prehnite  was  former- 
ly met  with,  but  of  late  no  good  specimens  have  been  found ; 
I  have  noticed  minute  portions  of  it  however  in  other  parts  of 
the  bed.  The  occurrence  of  the  same  minerals  in  the  rocks 
of  this  country,  which  we  have  seen  in  those  of  Europe, 
either  by  personal  examination  of  their  localities,  or  by  the 
interchange  of  specimens,  is  no  small  addition  to  the  interest 
of  our  researches  in  the  almost  untrodden  field  which  the 
geoloey  of  our  country  presents  to  us.  The  prehnite  of 
Charlestown  the  most  experienced  eye  would  be  unable  to 
distinguish  from  that  of  France,  Tuscany,  or  Scotland.  This 
mineral  is  so  commonly  associated  with  rocks  of  the  trap  fam- 
ily that  it  may  almost  be  viewed  as  characteristic  of  them* 
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Beyond  Prospect  hill,  as  we  advance  to  the  northwest,  tht 
clay  slate  again  appears,  with  a  character,  however,  less  dis- 
tinct than  at  the  oulgoing  first  noticed ;  its  aspect  is  variousi 
in  some  parts  becoming  almost  greenstone  slate,  while  in  others 
it  is  an  imperfect  flinty-slate.  Here  the  dip  varies,  inclining 
more  to  the  southeast.  This  slate  contains  iron  pyrites,  often 
in  crystals  of  considerable  size,  and  of  the  ususkl  form ;  by  ex- 
f>osure  they  decompose  and  impart  a  strong  ferruginous  tint 
to  the  rock.  It  may  here  be  remarked  that  few  of  the  trap 
rocks  in  this  vicinity  are  free  from  iron  pyrites,  which  are  of- 
ten very  abundant,  but  so  minute  as  not  to  be  discovered 
without  the  aid  of  the  microscope.  These  rocks  are  unfit  for 
architectural  purposes,  as  they  are  liable  to  rapid  dis- 
integration, and  when  exposed  to  the  action  of  the  air  and 
moisture  in  a  few  years  fall  to  pieces,  and  these  again  are 
speedily  brought  to  the  state  of  CTavel  and  sand.  Some  of 
the  most  remarkable  instances  of  this  are  in  the  town  of  Med- 
tbrd,  where  the  gravel  and  sand  resulting  from  this  change  in 
the  greenstone,  are  employed  for  repairing  the  roads,  garden 
walks,  &c.  ' 

The  greenstone  in  this  vicinity  is  often  seen  in  more  or  less 
perfectly  spherical  masses,  and  when  we  break  them  they 
nave  the  appearance  as  if  composed  of  two  distinct  portions^ 
a  central  part  or  nucleus,  and  an  exterior  or  cortical  portion ; 
the  former  having  all  the  characters  of  a  firm,  unaltered  rock, 
the  latter  being  of  a  much  darker  brown  colour  and  softer 
texture.  It  not  unfrequently  happens  on  striking  one  of  these 
masses  that  the  whole  or  a  part  of  the  dark  or  cortical  poi> 
tion  will  separate,  leaving  the  nucleus  nearly  spherical  and 
unbroken.*  This  circumstance  is  one  of  very  common  oc- 
currence in  rocks  of  this  class,  but  is  not  peculiar  to  them ;  it 
has  been  noticed  by  many  writers,  and  I  have  often  remark- 
ed it  even  in  the  granite  both  of  Europe  and  this  country. 
An  unpractised  eye  may  in  some  cases  mistake  this  for  a 
curved  slaty  structure  in  the  rocks  themselves.  But  this  is 
not  observed  in  those  parts  of  the  rock,  or  in  the  beds  or  strata 
which  have  not  been  exposed  to  the  action  of  air  and  moisture ; 
it  is  not  met  with  except  in  those  masses,  or  concretions,  whkh 
are  upon  or  near  the  surface  of  the  earth.  Most  of  the 
fragments  detached  from  mountains,  or  beds  of  rocks,  by 
the  operation  of  frost,  torrents,  or  other  causes,  are   at 

*  A  fineeiample  ef  tblfl  is  to  be  teen  ib  the  bed  of  sienitfe  greeaetohey « 
little  wettwud  of  the  highest  pert  of  Wioter  hill,  upon  which  tiie  powder 
.hopse  ftandii. 
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first  of  an  angular  form,  more  or  less  prismatic :  the  angled 
and  edges  of  these  will  naturally  be  the  parts  first  removed 
by  decomposition  or  friction,  and  the  fragment  will  acquire  a 
rounded  form*  As  these  .masses  are  exposed,  the  action  of 
the  air  and  moisture  will  proceed  from  without  inwards,  and  the  ' 
change  will  be  more  or  less  rapid  in  proportion  to  the  quanti- 
ty of  iron  pyrites  present  in  the  rock.  As  the  decomposition 
proceeds,  the  external  part  becomes  less  compact,  its  density 
diminishes,  and  it  is  gradually  separated  from  the  rest  of  the 
mass.  Although  the  fissures  are  not  always  observable  by  the 
naked  eye,  a  slight  How  will  cause  the  two  parts  to  separate; 
and  in  the  case  of  the  greenstone  the  cortical  portion  h  de- 
tached by  a  blow  which  will  have  little  effect  on  the  unalter- 
ed portion.  As  however  the  decomposition  proceeds,  the  air 
and  moisture  gain  admittance;  layer  after  layer  is  detached, 
until  in  process  of  time  the  original  mass  is  reduced  to  the 
state  of  gravel  and  sand. 

On  the  northwestern  side  of  the  road,  where  the  process 
just  described  is  now  taking  place,  near  the  powder-house  in 
Charlestown,  the  clay  slate  reappears,  and  its  stratification  is 
beautifully  displayed  in  the  quarry  by  the  road  side.  The 
direction  of  the  strata  is  nearly  east  and  west,  and  they  dip 
to  the  N.  N.  E.  under  an  angle  of  about  1 5^  These  strata  are 
overlaid  by  a  bed  of  trap  divided  into  irregular  columns  dis- 
posed at  an  angle  of  45°  with  the  subjacent  clay-slate.  Thin 
layers  of  trap  are  also  interposed  between  the  strata  in  sever- 
al places,  and  in  all  of  them  the  columnar  structure  is  ob- 
servable. The  clay  slate  here  is  crossed  in  every  direction 
by  seams  dividing  it  into  prismatic  and  tabular  masses.  The 
strata  themselves  vary  in  thickness ;  they  are  for  the  most  part 
bard ;  and  the  large  detached  pieces  are  sonorous  when  struck 
with  the  hammer.  There  is  considerable  variety  of  colour 
on  the  surfaces  of  the  prismatic  masses,  being  shades  of  brown, 
grey,  and  blue ;  these  are  in  some  pieces  disposed  in  nearly 
concentric  zones ;  in  others  they  are  waved  and  irregular ;  in 
all,  however,  they  are  quite  superficial,  and  evidently  arise 
from  the  presence  of  oxide  of  iron.  Many  of  the  fissures  are 
wholly  or  in  part  filled  up  with  brown  spar,  which  also  forms 
veins  an  inch  or  two  in  thickness ;  in  these  veins  the  crystals 
of  this  mineral  are  often  quite  perfect. 

In  several  parts  of  the  bed,  the  slate  has  every  appearance 
of  having  been  broken  up  into  small  fragments,  and  afterwards 
cemented  by  the  carbonate  of  lime.  The  strata  appear  as  if 
they  had  been  subjected  to  great  violence,  and  those  who  at* 
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tribute  the  formdtion  and  present  situation  of  trap  rocks  to 
the  operation  of  intense  heat,  would  probably  be  inclined  to 
seize  upon  this  spot  as  exhibiting  many  circumstances  in  sup* 
port  of  their  favourite  theory ; — while  those  who  maintain  the 
opposite  opinion  would  with  great  plausibility  attempt  to  ex- 
plain the  present  appearance  of  the  strata,  as  a  confused  crys- 
tallization from  a  disturbed  solution,  and  would  cite  numer- 
ous analogous  examples.  It  is  obvious  that  it  is  diflScult,  if 
not  wholly  impossible,  in  the  present  state  of  geological  science, 
to  give  a  satifactory  explanation  of  this  and  many  similar  ap- 
pearances. In  regard  to  the  calcareous  cement,  there  can  be 
little  doubt  that  it  is  of  comparatively  Recent  origin,  and  has 
been  deposited  in  the  fissures  subsequently  to  the  ereat  dis- 
turbance and  dislocation  of  the  strata  o/^  slate.  Ihe  facts 
even  in  this  limited  space,  are,  however,  sufficient  to  prove  a 
succession  of  epochas,  and  the  observer,  uninfluenced  by  sys- 
tems, will  sen  all  the  unequivocal  vestiees  of  a  series  of  strata 
originally  horizontal,  but  which  have  been  broken  and  dis- 
turbed by  subsequent  changes ;  the  effect  of  revolutions,  of  the 
antiquity  and  extent  of  which  we  are  as  ignorant,  as  of  the 
agencies  by  which  they  were  produced. 

I  shall  now  proceed  to  offer  some  'remarks  on  a  series  of 
rocks  situated  to  the  southwest  of  the  peninsula  of  Boston.  * 

These  rocks  are  seen  in  the  towns  of  Roxbury,  Dorches- 
ter, Brookline,  Brighton,  Newton,  Needham,  Milton,  Dedham, 
and  Quincy.  The  principal  rock  of  this  series  is  a  coarse 
conglomerate  which  has  by  several  writers,  in  this  country, 
been  called  Grau  Wacke,  and  by  some  Wacke.  In  the  years 
1807-8,  the  attention  of  several  gentlemen  of  Boston  was  first 
awakened  to  geological  inquiries,  during  the  short  residence 
in  this  place  of  an  amiable  and  accomplished  French  miner- 
alogist, Mr  S.  Godon,  to  whom  we  are  indebted  for  the  first 
course  of  lectures  on  this  science  ever  dven  in  Boston.  Mr 
Godon  communicated  to  the  American  Academy  of  Arts  and 
Sciences  some  remarks  on  the  rocks  and  minerals  of  the  vi- 
cinity. This  gentleman  was  unfortunately  deeply  infected 
with  that  love  of  minute  distinction  among  the  subjects  of  his 
inquiries,  and  that  proneness  to  the  coinage  of  new  names 
which  characterizes  the  geological  writings  of  the  French 
school,  and  we  find  in  his  memoir  the  same  rock  divided  and 
subdivided  into  five  or  six  varieties,  to  each  of  which  a  name 
is  given  that  we  in  vain  look  for  in  the  standard  works  on  the 
science.  The  name  which  Mr  Godon  applied  to  the  rock  we 
are  considering,  is  one  which  no  other  writer  before  him  had 
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given  to  rocks  of  this  character^  and  there  can  be  little  doubt 
that  when  he  speaks  of  this  rock  as  ^^  Wackc^'  he  intended 
Grau  Wacke ;  it  is  not  improbable  that  an  accidental  omis- 
sion occurred  in  printing  the  memoir. 

It  has  however  happened  that  this  omission  has  misled 
others,  ai^d  the  error  in  Mr  Godon's  publication  has  been 
copied  by  succeeding  writers,  and  we  hear  it  daily  repeated 
that  Wacke  occurs  abundantly  in  the  vicinity  of  Boston. 

These  remarks  may  seem  unnecessary,  but  in  this  country^ 
where  so  many  voung  and  ardent  minds  are  yearly  com^^ 
mencing  the  study  of  Geology,  we  caunot  be  too  much  on 
our  guard  against  erroneous  impressions  at  the  outset*  Not 
however  resting  on  mere  assertion,  let  us  endeavour  to  point 
out  the  distinction  between  these  very  different  rocks,  from  the 
writings  of  those  who  have  enjoyed  the  best  opportunities  for 
observation,  and  whose  opinions  are  to  be  received  witji  re- 
spect and  confidence. 

Prof.  Jameson  describes  Wacke  as  follows :  '^  its  colour  is 
greenish  grey,  of  various  degrees  of  intensity" — ^"  those  varie- 
ties that  incline  to  basalt,  approach  in  colour  to  greyish 
black."  ^^  The  fracture  is  large  and  flat  conchoidal  in  the 
most  characteristic  specimens ;  but  small  grained  uneven  in 
those  which  arc  less  so."* — ^^  It  is  more  or  less  shining  in  the 
streak.  It  is  soft.  It  is  sectile.  It  feels  rather  greasy."  ^'  Be- 
fore the  blowpipe  it  melts  into  a  gi*eenish  slag."  (System 
of  Min.  1816.)  The  description  given  by  Mr  Phillips  differs 
little  from  the  foregoing.  "  The  Wacke  of  Werner,"  says 
M.  Brochant,  ^'  is  a  substance  intermediate  between  basalt 
and  clay.  It  contains  less  iron,  and  perhaps  more  lime  and 
magnesia,  than  basalt;  its  texture  is  less  compact,  and  it  de- 
composes more  readily."  It  is  unnecessary  to  quote  other 
descriptions  of  this  substance,  which  would  be  little  else  than 
copies  of  those  already  given.  How  utterly  inapplicable  to 
the  rock  in  this  vicinity,  named  in  Mr  Godon's  memoir,  Wacke, 
are  these  descriptions,  must  be  evident  to  the  most  superficial 
observer. 

The  name  Grau  Wacke  was  given  by  the  German  miners 
to  a  peculiar  rock  composing  the  greater  part  of  the  moun- 
tains in  which  their  labors  were  carried  on ;  it  was  adopted 
by  Werner,  and  has  been  received  among  geologists  of  all 
countrieis,  although  liable  to  serious  objections,  as  has  been 

*  Highly  characteristic  specimens  of  the  Wack6  described  by  Prof.  Jame- 
ion,  in  the  Ist  vol.  of  the  Edin.  Jour,  page  138,  may  be  seen  in  the  Minera- 
logical  Mbintt  at  CuBbrid|e* 
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remarked  by  Dr  MaccuUoch,  not  oiilj  bj  reason  of  the  ca- 
cophony of  ihe  term,  but  also  as  it  does  not  express  any  distin- 
guishing character  of  the  rock.  The  confusion  which  has  arisen 
from  the  use  of  this  term  is  a  serious  evil  in  geoloffy,  as  it  has 
been  applied  to  a  great  variety  of  rocks  essentially  different 
from  each  other,  and  from  the  genuine  grey  wacke  of  Wer- 
ner* The  definition  of  Werner  is  precise,  and  he  applied  the 
term  only  to  such  rocks  as  were  composed  of  mechanically 
altered  portions  or  fragments  of  quartz,  indurated  clay  slate, 
and  flinty  slate,  cemented  by  a  basis  of  clay  slate.  It  has 
been  attempted  of  late  to  extend  this  definition  to  all  granular 
and  fragmentary  rocks,  still,  however,  considering  the  ce- 
menting substance  and  mechanical  structure  as  the  essential ' 
part  of  the  definition. 

Grau  Wacke  ha\  ing  been  placed  by  Werner  at  the  head  of 
his  transition  rocks,  nas  become  a  convenient  term  under 
which  those,  who  have  deemed  it  essential  to  their  reputation 
as  geologists  to  find  transition  rocks  succeeding  the  primitive  in 
the  districts  they  have  attempted  to  describe,  have  placed  all 
those  which  they  have  not  been  able  to  recognise  as  members 
of  the  latter  class*  They  have  described  what  they  conceiv* 
ed  ought  to  be  found,  not  what  actually  occurred,  and  from 
this  'blind  reliance  on  a  favorite  hypothesis,  have  given  us 
breccias  of  all  sorts,  sand-stones,  clay-slates,  and  various 
other  dissimilar  rocks,  as  Grau  Wacke. 

Grau  Wacke,  says  Prof.  Jameson,  "  is  composed  of  an* 
gular  or  other  shaped  portions  of  qi^artz,  felspar,  Lydian  stone, 
and  clay  slate,  connected  together  by  means  of  a  basis  or 
ground  of  the  nature  of  clay  slate,  which  is  often  highly  im- 
pregnated with  silica,  thus  giving  to  the  mass  a  considerable 
degree  of  hardness.  The  imbedded  portions  vary  in  size,  bat 
seldom  exceed  a  few  inches  in  breadth  and  thickness.  When 
the  imbedded  portions  become  very  small,  the  rock  assumes 
a  slaty  structure,  and  forms  the  grey  wacke  slate  of  geognosts. 
When  the  grains  almost  entirely  disappear,  and  the  rock  is 
principally  composed  of  clay-slate,  it  is  named  transition 
clay-slate." 

M*  Brochant,  who  gives  nearly  the  same  description,  does 
not  include  under  it  those  varieties  in  which  the  grains  (im- 
bedded portions)  exceed  the  size  of  a  hazel  nut.  The  Trau- 
mate  of  Daubuisson  and  some  of  the  varieties  of  Psamite  of 
Brongniart,  are  grey  wacke. 

Grau  Wacke,  says  Kirwan,  "  is  a  particular  kind  of  sand- 
stone, containing  not  only  grains  of  quartz,  siliceous  schistu^iy 
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or  honutone,  bat  ako  scraps  of  bluish  argiUite  in  n  clayey 
cement,  and  of  this  there  is  often  no  more  tha^i  is  barely  suf- 
ficient to  hold  the  grains  together,  sometimes  with  and  some- 
times without  mica,  comnlonly  compact,  sometimes  slaty  in 
the  gross.'' 

Humboldt  applies  the  term  grau  wacke  to  the  arenaceous 
transition  rocks,  which  contain  only  small  fragments  of  simph 
substances,  more  or  less  rounded,,  but  not  to  those  containing 
fragments  of  composed  rocks. 

It  is  evident  that  the  rock  which  holds  so  conspicuous  a 
place  in  the  geological  structure  of  the  vicinity  of  boston,  is 
not  simple  wacke,  or  the  compound  rock  grau  wacke.  Nei- 
ther is  it  the  rock  known  in  Europe  by  the  name  of  ^  Plum* 
pudding  stone,''  which  is  wholly  composed  of  flint  pebbles, 
cemented  by  flint.  The  appropriate  name  for  our  rock  i^  Con- 
glomerate. * 

After  describing  grau  wack^  as  already  quoted,  Prof.  Jame- 
son remarks,  that  another  rock  is  occasionally  met  with  in 
transition  districts,  and  is  named  ^  transition  conglomerate." 
It  is  composed  of  rounded  or  angular  masses  of  granite,  por- 
phyry, gneiss,  and  clayslate,  often  larger  than  a  man's  head." 
The  term  conglomerate  is  applied  only  to  those  compound  rocks 
containing  large  fragments  of  rocks  whk^h  have  been  usually 
called  primitive.  This  conglomerate  passes  into  coarse  grau 
wacke,  fine  grained  ^rau  wack6,  and  grau  wacke  slate,  which 
becomes  at  last  distinct  clay  slate.  All  these  transitions  are 
seen  in  the  neighbourhood  of  this  town,  especially  at  Roxbury, 
Brookline,  and  Brighton.  The  nature  of  this  rock,  and  the 
propriety  of  the  name  given  it,  will  be  evident  from  an  enu*  ■ 
Deration  of  the  substances  entering  into  its  composition.  They 
are  as  follows : 

Homstone,  of  a  brick  red  colour,  flesh  red  and  purple : 
also,  green  of  different  shades. 

Quartz,  of  different  shades  of  grey,  rarely  snow-white, 
sometimes  ferruginous. 

Compact  Felspar,  green,  light  red,  brown  and  grey.  / 

Flinty  Slate,  passing  to  Lydian  stone,  grey  and  black. 

Porpnyry,  having  a  base  of  compact  felspar  approaching 
to  hornstone ;  the  imbedded  crystals  of  felspar  Are  of  a  red 
colour  of  different  shades ;  it  also  embraces  crystalline  grains 
of  quartz. 

Granite,  the  felspar  of  which  is  nearly  flesh  red,  the  quarts 
and  mica  brown. 

Clay  Slate,  greyish  blue,  sometimes  light  ash  cobur;  it 
VOL.  u.  NO.  3.  37 
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has  more  or  less  of  an  earthy  aspect,  and  emits  an  argilla- 
ceous odour. 

Novaculite,  of  a  grey  colour. 

Serpentine,  in  small  quantity,  in  various  parts  of  the  bed ; 
it  has  a  light  green  colour,  and  is  ^ft. 

Nephrite,  of  a  greenish  white  colour,  sometimes  greyish 
white. 

These  materials  are  present  in  the  rock  in  various  propor* 
tions ;  the  hornstone,  compact  felspar,  and  quartz,  being  the 
most  abundant.  The  masses  vary  in  size,  from  that  of  a  pea, 
or  even  smaller,  to  that  of  several  feet  in  diameter.  They 
are  not  angular  fragments,  hut  rounded,  and  oyoidal,  and  are 
connected  by  a  cement  apparently  composed  of  the  same  ma- 
terials in  a  more  or  less  comminuted  state.  The  nodules  of« 
ten  project  from  the  natural  sections  of  the  rock,  in  bold  re- 
lief; in  other  cases  they  are  absolutely  flat,  as  if  cut  through 
by  a  sharp  tool.  This  last  appearance  is  especially  observ- 
able where  fissures  exist  in  the  bed,  and  these  fissures  are 
exceedingly  numerous,  and  of  great  extent.  In  some  places 
they  ar^  of  considerable  width ;  in  others  they  are  scarcely 
discernable,  the  opposite  surfaces  of  the  rock  being  still  in 
close  contact.  Wherever  these  fissures  occur,  the  nodules, 
whatever  may  be  their  size,  are  completely  divided,  and  the 
corresponding  surfaces  are  directly  opposed  to  each  other; 
no  appearance  of  subsidence  of  those  on  one  side,  or  elevation 
of  those  on  the  other  can  be  discovered. 

An  interesting  question  here  presents  itself. 

In  what  manner  are  we  to  account  for  the  occurrence  of 
these  fissures  ?  Can  it  be  explained  on  the  known  laws  of 
crystallization  ?  Our  reply  must  be  in  the  negative.  In  those 
well  known  instances  of  the  separation  of  a  crystal  into  two 
parts,  where  the  two  portions  are  seen  at  some  aistance  apart, 
the  connexion  is  preserved  by  the  intervention  of  a  layer  of  the 
matrix,  or  of  one  of  its  component  parts,  but  in  the  case  before 
us  there  is  not  a  particle  of  any  of  the  component  parts  of  the 
rock  interposed ;  the  two  opposing  surfaces  are  completely 
detached.  It  cannot  be  imagined  that  the  particles  arranged 
themselves  round  any  centre  of  crystallization  common  to  the 
two.     The  two  cases  are  far  from  being  analogous. 

That  the  fissures  are  not  the  efiect  of  violence,  the  invasion, 
for  example,  of  any  other  rock  in  a  state  of  fusion,  amongst 
the  imbedded  nodules,  is  equally  evident.  Had  this  been  the 
case,  we  should  unquestionably  find  in  some  parts  of  the  bed, 
if  not  in  all,  elevations,  depressions,  and  contortions,  on  the 


Remarks  en  the  Geology  of  the  Vicmity  ofBosUm*     291 

opposite  sides  of  the  fissures,  of  which  there  are  not  the  slight- 
est vestiges.  Neither  can  we  refer  it  to  subsidence  of  the 
strata,  which  would  have  changed  the  relative  position  of  the 
separated  parts. 

Should  it  be  conjectured  that  these  nodules  once  constitu* 
ted  an  accumulation  of  diluvial  pebbles,  which  were  envelop- 
ed in  a  fused  mass,  by  which  they  were  irregularly  heated 
and  split,  why,  it  may  be  asked,  was  not  every  pebble  simi- 
larly affected,  and  split  in  many  directions?  We  find  them  di- 
vided only  in  one  direction* 

Again  it  may  be  urged  that  the  whole  was  in  a  state  of 
sefnifusioi>,  and  suddenly  cooled,  which,  as  we  know  in  other 
cases,  produces  rents  and  fissures ;  to  this  mode  of  explana- 
tion the  same  objections  apply  as  in  the  last  case. 

From  observing  cracks  and  fissures  on  the  surface  of  clay 
and  mud  which  has  been  rapidly  deprived  of  moisture,  some 
geologists  have  resorted  to  dessication  to  account  for  the  seam- 
ed structure  of  rocks.  But  if  these  cracks  and  fissures  be 
carefully  examined,  they  will  be  found  to  diminish  in  width 
as  they  descend,  being  much  wider  at  the  surface  than  at  a 
short  distance  below  it.  No  such  appearance  is  observable 
in  this  conglomerate ;  the  fissures,  whatever  may  be  their 
width,  continue  undeviatingly  the  same  as  far  as  they  can  be 
traced,  and  this  is  a  very  considerable  distance  on  the  sides 
of  the  beds,  and  in  the  quarries  which  are  worked. 

Some  may  conceive  that  these  fissures  are  to  be  attributed 
to  the  operation  of  earthquakes,  and  at  first  sight  this  would 
seem  the  most  plausible  hypothesis.  There  is,  however,  one 
fact  which  should  lead  us  to  doubt  whether  such  a  supposi- 
tion would  be  satisfactory.  On  examining  the  fractured  sur- 
faces of  the  enormous  masses  of  this  rock,  which  are  so  fre- 
quently separated  by  the  aid  of  gunpowder,*  we  find  them 
broken,  rough,  and  irregular,  never  presenting  that  smoothness 
so  uniformly  seen  in  the  natural  fissures.  Had  the  tatter  been 
produced  by  earthquakes,  they  would  in  all  probability  have 
presented,  in  a  still  more  conspicuous  manner,  an  appearance 
similar  to  that  resulting  from  the  action  of  the  less  powerful 
agent. 

We  are  yet,  it  is  to  be  feared,  in  want  of  a  theory  capable 

•  Portions  of  this  rocic  thrown  off  by  blasting  are  often  of  astonishing  sise ; 
and  to  effect  this,  advantage  is  tal^en  of  the  numerous  fissures,  which  are 
more  or  less  filled  with  gunpowder,  thirty  or  more  pounds  of  it  being  dis- 
tributed in  them ;  the  whole  is  then  exploded,  and  enormous  masses  are 
thiowD  off. 
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of  solving  this,  and  many  other  circumstances  in  the  structure 
and  present  appearance  of  rocks,  which  the  activity  of  geolo- 

fists  is  almost  daily  bringing  to  light.  But  although  we  should 
nd  difficulties  of  tnis  kind  increasing  upon  us  as  our  researchet 
extend,  far  from  discouraging  us  in  the  pursuit,  they  should 
be  viewed  as  additional  incentives  to  exertion.  "  It  is  among 
difficult  and  unexplained  phenomena,^  as  has  been  so  strik- 
ingly illustrated  by  the  labours  of  Dr  Macculloch,  whose 
words  I  quote,  "  that  we  are  to  seek  for  the  stimulus  which 
will  lead  us  to  pursue  those  researches,  on  the  multiplication 
of  which  alone  we  can  hope  to  found  a  true  system;  and  it  is 
to  a  salutary  distrust  of  the  all-sufficiency  of  any  hypothesis, 
that  we  must  look  for  protection  from  its  paralyzing  influ- 
ence." 

[To  be  continued.] 
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lodous  Acid. — ILlSig.  Sejnentini,  of  Naples,  has  published 
an  account  of  a  combination  of  iodine  and  oxygen,  containing 
less  of  the  latter  principle  than  iodic  acid.  It  is  obtained  in 
the  following  manner  :—eaual  parts  of  chlorate  of  potassa  and 
iodine  are  to  be  trituratea  together,  in  a  glass  or  porcelain 
mortar,  until  they  form  a  very  fine  pulverulent  yellow  mass, 
in  which  the  metallic  aspect  of  the  iodine,  has  entirely  disap- 
peared. If  there  be  excess  of  iodine,  the  mixture  will  have  a 
lead  colour.  This  mixture  is  to  be  put  into  a  retort,  the  neck 
being  preserved  clean,  and  a  receiver  is  to  be  attached  with 
a  tube  passing  to  the  pneumatic  trough.  Heat  is  then  to  be 
applied,  and  for  this  purpose  a  spirit-lamp  will  be  found  suffi- 
cient; at  first  a  few  violet  vapours  rise,  but  as  soon  as  the 
chlorate  begins  to  lose  oxygen  dense  yellow  fumes  will  ap« 
pear,  which  will  be  condensed  in  the  neck  of  the  retort 
into  a  yellow  liquid,  and  run  in  drops  into  the  receiver ; 
oxygen  gas  will  at  the  same  time  come  over.  When  the  va- 
pour ceases  to  rise,. the  process  is  finished,  and  the  iodous  acid 
obtained  will  have  the  following  properties : — 

Its  colour  is  yellow ;  its  taste  acid  and  astringent,  and  leav- 
ing a  burning  sensation  on  the  tongue.  It  is  of  an  oily  con- 
sistency, and  flows  with  difficulty.  It  is  heavier  than  watcr^ 
sinking  in  it«    It  has  a  particular  odour,  disagreeable,  and 
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something  resembling  that  of  euchlorine.  It  permaiientlj 
reddens  vegetable  blues,  but  does  not  de->  roy  them  as  chloric 
acid  does.  It  is  very  soluble  in  water  and  alcohol,  producing 
amber-coloured  solutions.  It  evaporates  slowly,  and  entirely 
in  the  air.  At  1 12^  F.  it  volatilizes  rapidly,  forming  the  dense 
vapour  before  mentioned.  It  is  decomposed  by  sulphur,  dis^ 
engaging  a  little  heat,  and  liberating  violet  vapours.  Carbon 
has  no  action  on  it  at  any  temperature ;  solution  of  sulphu- 
rous acid  decomposes  it  as  well  as  iodic  acid,  precipita- 
ting the  iodine  as  a  brown  powder.  It  is  characterized  by 
the  manner  in  which  potassium  and  phosphorus  acton  it;  the 
instant  they  touch  it  they  inflame ;  the  potassium  producing  a 
white  flame  and  dense  vapours,  but  little  or  no  liberation  of 
iodine ;  and  the  phosphorus,  with  a  noise  as  of  ebullition,  vio- 
let vapours  appearing  at  the  same  time. 

The  odorous  nature  of  this  acid,  its  volatility,  colour,  and 
its  power  of  inflaming  phosphorus  by  mere  contact,  shew 
that  some  of  the  principal  characters  of  iodine  are  retained, 
and  that  it  is  oxygenated,  therefore,  in  a  minor  degree,  and 
deserves  the  name  of  iodops  acid. 

_  Its  composition  has  not  been  experimentally  ascertained. 
M.  Sementini  endeavoured  to  analyze  it  by  putting  100  grains 
into  the  end  of  a  long  sealed  tube,  and  then  dropping  a  small 
piece  of  phosphorus  m,  iodine  was  disengaged,  and  condensed 
m  the  upper  part  of  the  tube,  and  this  was  found  to  amount 
to  45  grains :  but  this  can  furnish  only  very  uncertain  results. 

lodous  acid  dissolves  iodine,  becoming  of  a  deep  colour, 
more  dense  and  tenacious,  and  having  more  strongly  the  odour 
of  iodine:  when  heated,  the  iodine  partially  rises  from  the 
iodous  acid,  but  they  cannot  be  separated  in  rhis  way. 

M.  Sementini  believes  also  in  an  oxide  of  iodine,  and  has 

SVen  the  name  to  the  black  powder,  which  is  produced  by 
e  action  of  sulphurous  acid  or  iodous  acid,  and  which  still 
contains  oxygen ;  but  he  mentions  that  this  and  some  other 
points  still  require  investigation. 

The  following  are  the  properties  of  the  iodic  and  iodous 
acids,  by  which  a  judgment  may  be  formed  of  their  specific 
difference.  Iodic  add  is  solid,  white,  without  odour,  redden- 
ing blue  colours,  and  then  destroying  them.  Volatile  at  456^ 
F.,  with  decomposition :  heated  with  charcoal  or  sulphur,  it 
is  decomposed  with  detonation.  lodous  acid  is  liquid,  yellow, 
odorous,  reddening  blue  colours,  but  not  destroying  them; 
volatilizing  at  112^  F.,  and  even  at  common  temperatures 
without  decomposition ;'  heated  with  sulphur,  it  is  decomposed 
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without  detonation,  and  inflames  potassium  and  phosphorus 
by  mere  contact. — Bib.  Univ*  xzv.  119. 

DoBbertiner^s  Instantaneous  Light  Apparatus *-^\nce  the  very 
curious  observation  made  by  M.  Doebereiner  of  the  power 
poissessed  by  spongy  platina  of  determining  the  combination 
of  oxygen  and  hydrogen  at  common  temperature,  that  sub- 
stance nas  been  applied,  among  other  uses,  to  the  construc- 
tion of  an  instantaneous  light  apparatus ;  a  jet  of  hydrogen  is 
thrown  on  to  a  portion  of'  the  spongy  platinum,  and  is 
by  it  inQamed.  V  arious  modes  of  presenting  the  platinum ' 
to  the  hydrogen  have  been  devised,  but  none  surpass  or  even 
equal  that  originally  adopted  by  M.  Doebereiner.  The  ex- 
tremity of  a  fine  platina  wire  is  to  be  rolled  in  a  spiral  form, 
and  then  dipped  into  ammonio-muriate,  or  muriate  of  platina, 
until  about  two  grains  are  taken  up,  after  which  it  is  to  be 
heated  red-hot  in  a  spirit  lamp.  In  this  way  a,  quantity  of 
spongy  platina  is  formed  on  the  wire,  so  minute,  that  if  put  into 
contact  with  a  mixture  of  oxygen  and  hydrogen  it  becomes 
heated,  and  inflames  the  gas  as  rapidly  almost  as  if  an  elec- 
trical spark  had  passed.  Such  a  wire  as  this  fixed  on  the 
jetpipe,  so  that  tne  spongy  metal  shall  be  exposed  to  the 
cun*ent  of  hydrogen,  immediately  inflames  it.  It  happens 
that  if  an  instrument  of  this  kind  has  been  exposed  for  some 
hours  to  a  humid  atmosphere,  the  inflammation  does  not  take 
place  readily,  but  in  this  case  if  the  top  of  the  platina  be 
touched  by  the  finger  or  palm  of  the  hand,  either  before  or 
during  the  time  that  the  current  of  hydrogen  is  passing  out, 
the  inflammation  immediately  takes  place.  Contact,  indeed, 
is  not  necessary,  for  the  mere  approach  of  the  hand  is  suffi- 
cient to  elevate  the  temperature  so  much  as  to  cause  instant 
inflammation. 

In  using  spon^  platina  for  eudiometrical  purposes,  M. 
Dcebereiner  attaches  his  balls  to  the  end  of  a  platina  wire,  so 
as  to  be  able  to  withdraw  them  when  the  experiment  is  com- 
pleted, or  even  during  the  experiment,  if  requisite,  so  that 

they  may   be  dried,  and   again  introduced. Bib.   Univ. 

xxv.  117. 

Inflammaiion  of  Sulphurttted  Hydrogen  by  Nitric  Acid. — 
When  a  few  drops  of  fuming  nitric  acid  arc  put  into  a  flask 
filled  with  sulphuretted  hydrogen,  the  hydrogen  is  oxidized 
by  the  nitric  acid,  and  the  sulphur  is  disengaged  in  a  solid 
form.  If  the  flask  be  closed  with  the  finger,  so  that  the  gas 
which  becomes  heated  cannot  escape,  its  temperature  is  rais- 
ed so  much  as  to  produce  combustion  with  a  beautiful  flame. 
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and  a  slight  detonation  which  forces  the  finger  from  the  mouth 
of  the  flask.  This  experiment  may  be  made  without  the 
least  danger,  with  a  flask  containing  four  or  live  cubical  inches 
of  gas. — Bereelius. 

Un  the  camparalrDe  Advantage  of  Coke  and  Wood  as  FueL — 
Some  trials  nave  been  made  by  M.  Dcbret  on  the  heating 
power  of  coke  and  wood,  when  consumed  in  stoves,  at  the 
Royal  Academy  of  Music.  Two  similar  stoves  were  heated, 
one  by  wood,  and  the  other  by  coke,  and  tlie  temperature  of 
the  exterior  taken  at  some  distance  from  the  fire.  The  tem- 
perature of  the  flues  was  at  first  90^  c,  and  the  mean  tempe- 
rature, at  the  end  of  six  hours,  was,  by  the  wood,  13°  c,  by 
the  coke,  16°  c. ;  so  that  the  increase  by  the  wood  was  4°,  by 
the  coke  7°.  These  efiects  were  produced  by  seventy-three 
kilogrammes.  (163  pounds)  of  wood,  worth  three  and  a  half 
francs,  and  twenty-four  kilogrammes  (53  pounds)  of  coke, 
worth  one  franc,  eighty  cents. 

During  the  progress  of  this  experiment  another  stove  had 
been  heated  for  several  hours  with  wood,  and  the  tempera- 
ture had  not  risen  above  13°.  The  use  of  coke  very  quickly 
raised  it  to  15°  or  16°.  Hence  it  is  concluded,  and  with  rea- 
son, that  coke  is  much  preferable  for  these  purposes  to  wood  ; 
but  where  the  stove  is  small,  the  mixture  of  a  little  wood 
with  the  coke  is  recommended  to  facilitate  the  combus- 
tion.— Bib.  Univ.  xxv.  237. 

On  the  Application  of  Muriate  of  Lime  as  a  Manure. — M.  Du- 
buc,  a  druggist,  and  member  of  the  Academy  of  Sciences  at 
Rouen,  has,  dudng  the  years  1830,  31,  22,  and  23,  made 
use  of  chloride  of  calcium  as  a  manure,  or  according  to  his 
own  expression,  as  a  vegetable  stimulant.  His  experiments 
have  been  numerous,  and  the  following  short  notice  is  given 
of  them  by  M.  Lemaire  Lisancourt. 

A  kilogramme  (2.2  lb.)  of  chloride  of  calcium  is  dissolved 
in  sixty  litres  (126.8  pints)  of  water.  The  ground  intended 
for  experiments  is  watered  with  the  solution  ;  the  seeds  are 
then  sown,  or  the  plants  set  in  the  ground,  and  ultimately  the 
watering  is  repea,ted  a  third  or  fourth  time  with  the  solution. 
^  M .  DubuG  sowed  some  Indian  corn  in  a  light  soil  watered 
,  six  or  eight  days  before  with  the  solution.  At  a  distance  of 
six  feet,  out  in  the  same  soil,  and  with  the  same  aspect,  other 
maize  was  sown  and  watered  with  common  water.  The  first, 
which  was  watered  from  time  to  time  with  the  solution  of  the 
chloride,  attained  to  double  the  size  of  the  second.  Speci- 
mens of  both  were  presented  to  the  academy  at  Rouen.    He 
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has  also  hastened  and  favoured  the  development  of  the  great 
pyramidal  campanula,  of  the  lilac,  and  other  trees,  and  also 
of  fruit  trees,  &c.  He  has  also  made  experiments  on  market 
vegetables ;  onions  and  poppies,  which  grow  to  a  large  size 
in  the  soil  of  Rouen,  have  -doubled  in  volume  by  the  action  of 
the  chloride.  He  has  observed  the  great  annual  sun-flower 
rise  as  in  Spain  to  a  height  of  twelve  or  fifteen  feet,  whilst  ia 
ordinary  circumstances  this  large  herb  did  not  rise  more  than 
six  or  eight  feet.  He  has  seen  the  stems  of  these  vegetables 
three  or  four  inches  in  diameter  above  the  earth,  the  leaves 
from  eighteen  to  twenty  inches  long,  4he  discs  of  the  flowers 
twelve  or  fourteen  inches  in  diameter,  producing  seeds  from 
which  half  their  weight  of  good  oil  has  been  extracted,  and 
ultimately  exuding  from  their  centers  a  transparent  secretion 
analogous  to  turpentine,  very  odorous,  and  easily  drying  in 
the  air. 

Finally,  M.  Dubuc  made  his  experiments  on  potatoes,  ta* 
king  such  as  in  size  and  weight  were  nearly  alike.  These 
were  planted  May  1,  1822,  in  the  same  soil,  and  with  the 
same  aspect,  but  in  two  beds,  separated  from  each  other  by  a 
path  six  feet  wide.  One  of  these  beds  was  watered  with  the 
vegetative  liquor,  the  other  with  water  from  a  cistern.  They 
were  all  gathered  the  lOth  Nov.  1822.  The  first  gave  tuber- 
cles six  inches  long,  twelve  inches  in  circumference,  and 
weighing  nearly  2  lbs.  each;  the  others  were  generally  about 
half  that  size.  These  large  potatoes  were  equally  nourishing 
with  the  ordinary  potatoes,  and  were  equally  well  preservea 
until  the  following  April.  They  were  watered  only  three 
times  with  the  solution  during  the  time  they  were  in  the  earth, 
and  their  leaves  were  developed  in  an  equal  proportion. 

It  appears  that  in  general  it  is  sufficient  to  water  the  vege- 
tables submitted  to  the  action  of  chloride  of  calcium  three  or 
four  times  with, the  solution  at  long  intervals.  The  electro- 
organic  power  of  this  substance  seems  very  singular,  for,  aa 
M.  Labarraque,  of  Paris,  has  observed,  when  applied  to  the 
animal  organization,  it  in  a  short  time  arrests  the  pi*ogre8S  oi 
gangrene,  chancres,  or  ulcers,  and  powerfully  favours  the 
production  of  fleshy  pimples,  which  cicatrize  the  sore« — ^nn» 
de  Chim.  xxv.  214. 

Explosive  Engine. — An  engine  of  a  very  remarkable  kind 
is,  we  understand,  about  to  be  brought  into  public  notice, 
which,  if  it  answer  the  high  expectation  of  its  mventor,  may 
ultimately  supersede  the  use  of  the  steam  engine.  The  pa- 
tents f(WP  England  and  Scotland  are,  we  believe,  both  com- 
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pleted,  so  that  we  maj  expect  soon  to  hear  the  particular  de- 
tails of  its  construction. 

At  the  lower  end  of  a  small  cylinder  is  placed  a  minute 
apparatus  for  producing  oil  gas*  As  the  gas  is  generated,  it 
elevates  a  piston  so  as  to  admit  as  much  atmospheric  air  as, 
when  combined^  with  the  oil  gas,  would  render  the  mixture 
explosive.  When  the  piston  has  reached  this  height,  the  gas 
is  exploded,  and  the  mechanical  force  of  the  explosion  is  em- 
ployed  to  drive  machinery.  Experiments  have,  we  under- 
stand, been  actually  made  with  this  power,  which  was  em- 
ployed to  force  up  water  to  a  considerable  height. 

Our  readers  will  no  doubt  be  reminded  by  this  brief  notice, 
of  the  ingenious  invention  of  the  Rev.  Mr  Cecil,  by  which 
the  power  is  obtained  by  taking  advantage  of  the  vacuum 
created  by  the  explosion  of  a  mixture  of  hydrogen  and  com- 
mon air. — [Cambridge  Trans.  voL  I.  part  2.]  Mr  Cecil  sug- 
gested in  his  paper  that  the  expansive  force  of  the  explosion 
might  also  be  employed ;  but  his  machine  was  not  founded 
on  this  principle.     {Edin.  Jour.  5ci.) 

An  elaborate  account  of  an  engine,  by  Mr  Brown,  for  pro- 
ducing a  mechanical  force,  has  been  published  in  the  Month- 
ly Magazine.  This  is,  we  believe,  the  invention  for  which  Mr 
Brown  lately  obtained  a  patent  in  this  country  by  a  special 
^ct  of  Congress  (the  inventor  being  a  foreigner),  under  the 
tide  of  a  new  method  of  forming  a  vacuum.  The  following 
extract  from  the  specification  will  give  a  sufficient  idea  of  the 
whole  mystery.    (Edit.  B.  J.) 

^^  My  invention  consisteth,  first,  of  a  combination  which  is 
thus  formed  : — inflammable  gas  is  introduced  along  an  open 
pipe  into  a  cylinder  or  vessel,  whilst  a  flame  on  the  outside 
of,  but  near  to  the  cylinder,  is  constantly  kept  burning,  and 
at  times  comes  in  contact  with  and  ignites  the  gas  therein. 
The  cylinder  is  then  closed  air  tight,  and  the  lame  is  pre- 
rented  from  communicating  with  the  gas  in  the  cylinder. 
The  gas  continues  to  flow  into  the  cylinder  for  a  short  space 
of  time,  then  it  is  stopped  off;  during  that  time  by  its  com- 
bustion it  acts  upon  the  air  within  the  cylinder,  and  at  the  same 
time  a  part  of  the  rarified  air  escapes  through  one  or  more 
valves ;  and  thus  a  vacuum  is  effected.  The  vessel  or  cylinder 
is  kept  cool  by  water.  Several  mechanical  means  may  be  con- 
trived to  bring  the  above  combination  into  use  in  effecting  the  va- 
cuum with  inflammable  ga« ;  and  on  the  same  principle  it  may 
be  done  in  one,  two,  or  more  cylinders  or  vessels.  Having  a 
vacuum  effected  by  the  above  combination  and  some  mechan 
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ical  contrivance,  I  have  by  its  application  to  naachinery,  pro-* 
duced  powers  in  several  ways.  I  now  proceed  to  describe 
the  different  kinds  of  machinery  by  which,  first,  I  turn  a 
water  wheel}  secondly,  I  raise  water;  and,  thirdly,  1  work 
pistons,"  tc.  &c. 

An  American  gentleman  (MrMorey)  has  been  engaged  for 
several  years  past  in  experiments  tending  to  the  production 
of  a  mechanical  power  by  the  combustion  of  an  inflammable 
vapour  obtained  by  a^  very  simple  apparatus.  Mr  Morey 
expresses  a  strong  expectation  that  he  shall  soon  bring  his 
invention  before  the  public  in  the  form  of  a  complete  engine. 

Metallic  Titanium. — This  interesting  substance  has  lately 
been  found  by  Dr  Walckner  of  Freyberg  in  the  Brisgaw, 
in  the  hon  slags  of  a  furnace  in  the  Upperland  of  Badeiu 
The  ore  smelted  at  this  furnace  was  the  pea  ore,  and  analy- 
sis proved  it  to  contain  a  minute  portion  of  titanium.  The 
cubical  crystals  of  metallic  titanium  were  first  described  by 
Dr  Wallaston .  They  occur  in  the  slags  of  several  iron  forg- 
es in  Great  Britain. 

Mineralogists  in  this  country  will,  we  have  no  doubt,  meet 
with  it  in  the  slags  of  our  furnaces  where  common  iron  ores 
are  smelted.  The  crystals  are  distinct  cubes^  perfectly  re- 
sembling in  colour  and  lustre  native  copper. 

Fall  of  Meteoric  Stones. — Many  Meteoric  stones  fell  in  the 
vicinity  of  Arenazzo,  a  village  in  the  Papal  dominions,  in  the 
month  of  March.  The  largest  stone  weighed  12lb.  Before 
the  fall,  loud  thunder  was  heard.  The  large  aerolite,  weigh- 
ing I2lb.  was  carried  to  Bologna,  where  it  is  preserved  in  the 
observatory.     [Bulldin  Universei.) 

Splendid  Cabinet  of  Minerah  for  sale. — ^Dr  Joseph  Guillaume 
Waagner,  of  Vienna,  has  announced  the  sale  of  the  superb 
collection  of  minerals,  late  the  property  of  M.  Jacques  Freder- 
ick Von  der  Null,  deceased.  This  collection  is  well  known, 
both  for  the  magnificence  of  the  specimens,  and  by  its  hav- 
ing been  arranged  and  described,  by  Professor  Mohs,  in  3 
vol^  8vo,  Vienna,  1804* 

When  that  work  ap[)eared,  the  collection  contained  3926 
specimens,  exclusive  of  the  cut  precious  stones,  which  form  a 
great  collection.  Since  that  time  to  the  death  of  the  owner, 
in  May,  1823,  the  cabinet  has  been  continually  increasing, 
and  the  number  of  specimens  it  now  contains  amounts  to 
6047,  of  which  3427  are  ticketted  with  numbers  correspond- 
ing with  M.  Mohs' catalogue,  and  the  remaining  1620  are 
briefly  described  in  a  catalogue  by  M.  Partsch.    The  average 
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size  of  ihe  specimens  is  about  3  inches  by  2,  and  the^  are 
comained  in  3  cabinets  of  48  drawers  each.  The  specimens 
ef  gold,  silver,  and  tellurium,  and  the  minerals  in  general  found 
in  theAusirianempire,  particularly  Hungary  and  Transylvania, 
are  said  to  be  reaiarkably  fine.  The  price  is  fixed  at  £3000 
sterling,  and  time  will  be  allowed  for  payment  on  satisfactory 
security  being  given.  Persons  wishing  to  treat  for  the  pur- 
chase, are  requested  to  apply  to  Dr  J.  G.  Waaguer,  Hohen- 
markt,  No.  511,  Seme  etage.     (.4iin«  Phil.) 


Additions  to  the  Cabinet  of  Minerals  at  Cambridfre, 
The  following  additions  have   been  made  to  the  Cabinet  of 
Minerals  at  Cambridge  since   our  last,  and  we  hope  to  have  it 
in  our  power  to  continae  the  list  in  each  succeeding  number. 

Rhomb  Spar from  Cumberland,  R.  I.  ]    Presented  by 

Actynolite "  do.            «  } 

Do.        penetratiDfc  quartc,  "  do.           **  I     Dr  S.  Robinson , 

Epidote,  finely  crysUdlized,  "  do.           <*  ( of  Providence. 

Yenite, "  do.            ««  I 

Rose  Qoartz,  ......  **  Sonthbary,  Con.    J 

Snodumene, <*  Stirling,  Mass.  >  Mr.  Charles  Jack- 

ChiastuUte, *'  Lancaster,  '*  (son,  of  Lancaster. 

TreB.oIite,a3uperb.peciD,en,  «  A'ewbuiy,   «  j  ^'"rnd^^nMng! 

C«)pper  Pyrites,  •'....  <*  Frayconia,N.H.  Mr £.  Dwelle,  Boston. 

Crystallized  Calcareous  Spar  "  Matanzas.  }  Mr  Quimby,  Bos- 

A  series  of  Iron  Ores,  ...  *'  Nova  Scotia.  ]  ton. 

Greenstone,  with  impresiions  >  .,  hm^i^^  $  Israel  Tbomdike. 

ofsheU.,  I  ^*'"*-  Ur.K«l. 

Botanical  Garden^  Cambridge, 
List  of  rare  or  interesting  plaats  which  have  flowered  in  the 
Botanical  Garden,  Cambridge,  during  the  last  three  months. 

Araarylliy  undulata Cape  of  Good  Hope. 

**         stellaris do.  do. 

Asclepias  arborescens.    ...  do.  do. 

^        matela Red  River,  Louisiana. 

**        linearis Spain. 

Brederoaria  macrophylla.    .    .  Cape  of  Good  Hope. 

Chorea  speciosa New  Holland. 

Calothamnna  bractenSb    ...  do. 

Coffoea  Arabica. 

Cassia  funiiceana Cape  of  Good  Hope. 

Chrysanihemom,  9  varieties. 

Cvclamen  hederifolinm.      .    .  South  of  Europe. 

Chironia  linoides Cape  of  Good  Hope. 

Colchicum  autumnale. 

Daphne  odorata South  of  Europe. 

Diosma  ciliarii Cape  of  Good  Hope. 

Erica  verticellata.      ....  do.  do. 

"      pubescent. do.  do. 

^      nispida do.  do.     «.     " 
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Erica  eoccmet Cape  of  Good  Hope, 

"      margRriticea do.  do.  ' 

"      taoella do.  do. 

^*      hiiia do.  do. 

Geraniam  anemonefoliam.  .    .  do.  do. 

Genista  linifolia Spain. 

Gloiinia  «peoiosa   .    .    .    .    .  Cape  of  Good  Hope. 

Heliotropiuin  peniviannm.      .  South  America. 

Indigofera tinctoria East  indies. 

Jasmiouln  Aaoricum.       •    .    .  Azores. 

''        graudifloniin. .    .    .  Cataionia. 

Laotsna  camera. West  Indies. 

Lotus  jacobea Canaries. 

Lopeiia  racemose. 

Metrosideros  lanceolata.      .     .  New  Holland- 

Mauraodia  persicata Spain. 

"  scandens.  ....  Spain. 

Nattallia  digitate Arkansas. 

"       pedata Arlcansas. 

Olea  fragrans. 

Oialis  versicolor Cape  of  Good  Hope. 

** ,  mbella do.  do. 

Pelargonium  aanella.       ...         do.  do. 

«  quercifolium.  •    .  do.  do. 

Poly  gala  purpurea Africa. 

Protea  mellitera Cape  of  Good  Hope. 

Rosa. 

'<    sanguinea. 

**    chioensis. 

**    semperflorens. 

**    bracteata  (Macartney  Rose.) 

Salvia  coccioea Florida. 

*'    splendens South  America. 

**    Americaaa. United  States  of  America. 

Thea  viridis. 

Vinea  rosea Madagascar. 

**     alba. Madagascar. 

[To  be  continued,] 

Sir  H.  Dawfs  improved  Copper  Sheathing. — Since  the  paper 
of  Sir  Humphrey  Davy  (in  this  number)  was  printed,  we  have 
received  the  Philosophical  Magazine  for  September,  in  which 
the  following  notice  appears.  Sir  Humphrey  has  iust  return- 
ed from  a  voyage  to  Norway.  During  the  Months  of  July 
and  August,  he  was  engaged  in  pursuing  various  philosophi- 
cal researches,  foKwhich  the  Admiralty  granted  him  the  use 
of  the  Comet  steam-boat.  He  has  ascertained  that  his  princi- 
ple of  protecting  the  copper  sheathing  of  ships  by  the  contact 
of  tJ^  of  iron,  is  perfectly  successful,  even  in  the  most 
rapid  sailing  and  in  tlie  rougnest  sea. 


ERRATUM. 
Page  227,  for  PI.  1,  read  PI.  2. 


THB 


ISoiSiott  9ourtt;»l 


OF 


PHILOSOPHY  AND  THE  ARTS. 


Art.  XXX. — Remarks  on  the  Light  of  the  Moon  and  of  the 
Planets.  By  John  Leslie,  Esq.  Professor  of  Katural  Phi- 
losophy in  the  University  of  Edinburgh,  and  Corresponding 
Member  of  the  Royal  Institute  of  France. 

\^Edin.  Philos.  Jour*"] 

Modern  astronomers  have  generally  assumed  it  as  an  evi- 
dent truth,  that  all  the  planets  and  their  satellites  shine  mere- 
ly by  the  reflected  light  from  the  sun,  the  great  source  of  heat 
and  illumination.  But  this  conclusion,  however  probable.and 
consistent,  is  too  hastily  drawn,  and  would  require  some  dis- 
cussion to  establish  it.  Are  those  celestial  bodies  rendered 
luminous  by  the  rays  of  the  sun,  or  by  the  emission  of  their 
own  native  light  ?  Are  i\\e  whole  of  the  incident  solar  beams 
reflected  by  them>  or  a  part  only  of  those  rays?  Is  the  light 
simply  reflected  which  the  planets  transmit  to  us,  or  is  it  re- 
jected and  dispersed  in  all  directions,  after  having  entered 
their  surface?  Or,  lastly,  is  this  light  all  emitted  from  their 
internal  substance,  in  consequence  of  the  absorption  ^nd  calo- 
rific action  of  the  sun's  rays?  These  are  so  many  curious 
questions,  which  it  is  necessary  to  solve  before  we  can  form 
a  correct  opinion  on  the  subject. 

1 .  Since  the  rays  of  light  are  darted  in  straight  lines,  their 
mutual  divergency  increases  continually  as  they  proceed,  and 
consequently  their  illuminating  power  must  be  inversely  pro- 
portional to  the  square  of  the  distance  from  the  point  of  emis- 
sion. The  quantity  of  light  which  the  pupil  of  our  eye  can 
receive  from  any  shining  body  will,  therefore,  be  in  the  in- 
verse duplicate  ratio  of  the  distance;  but  its  visual  magni- 
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tude,  or  the  size  of  the  image  impressed  on  the  retina,  follows' 
the  same  ratio ;  and  hence  the  object  must  appear  to  as  witk 
exactly  the  same  degree  of  brightness  at  every  distance. 
Thus,  a  candle,  removed  60  yards  from  the  eye,  will  seem 
just  as  brilliant  as  when  placed  only  10  yards  from  it;  be- 
cause, though  the  eye  receives  25  times  fewer  luminous  par- 
ticles, these  are  concentrated  into  a  space  of  impression  like- 
wise 25  times  smaller. 

This  unexpected  but  important  result  is  subject  to  no  modi- 
fication, except  what  may  arise  from  the  accidental  loss  of 
light  during  its  passage  through  an  intervening  medium.  No 
such  obstruction,  however,  can  occur  in  the  celestial  expanse, 
and,  consequently,  the  proposition  that  a  shining  body,  how- 
ever remote,  will  appear  always  equally  bright,  is  rigidly 
true  in  reference  to  the  planets  and  fixed  stars.  Nor  will  it 
alter  the  effect,  whether  such  bodies  derive  the  radiating  pow- 
er from  their  own  substance,  or  from  the  mere  influence  of 
external  illumination.  When  the  object  lies  so  remote,  how- 
ever, that  we  can  discern  no  longer  its  visual  magnitude, 
which  seems  contracted  into  a  mere  lucid  spot,  we  confound 
the  intensity  of  its  brightness  with  the  quantity  of  light  re- 
ceived from  it.  Supposmg  the  fixed  stars  to  have  all  the  same 
constitution,  their  lustre,  as  judged  by  our  unaided  sight, 
would  be  in  the  direct  ratio  of  the  squares  of  their  diameters, 
and  the  inverse  ratio  of  the  squares  of  their  distances.  But 
in  the  case  of  a  planet,  the  application  of  a  powerful  telescope 
will  expand  the  radiating  point  into  a  broad  surface,  and  thus 
enable  us  to  distinguish  easily  the  density  from  the  quantity  of 
illumination.  If  V  enus  and  Jupiter  were  constituted  alike,  and 
shone  by  their  native  light,  the  apparent  hjsire  of  the  former,  at 
the  period  of  their  superior  conjunction  with  the  sun,  would  be 
ten  times  less  than  that  of  the  latter,  though  their  relative 
brightness,  as  disclosed  by  the  telesco|x?,  would  continue  the 
same.  But  neither  of  these  inferences  will  agree  with  obser- 
vation. On  the  other  hand,  if  those  two  planets  derived  their 
luminous  quality  from  the  sun,  Veaus  would  have  had  only 
the  twenty-fifth  part  of  the  lustre  of  Jupiter,  though  the 
brightness  of  her  surface,  when  viewed  by  the  telescope, 
would  have  been  five  times  greater.  This  conclusion  ap- 
proaches nearer  to  the  actual  appearances. 

But  the  different  phases  which  the  planets  exhiV.it,  accord- 
ing to  the  relative  position  of  the  sun,  clearly  prove  that  their 
light  is  merely  dependent  on  the  action  of  this  great  lumina- 
rj.    The  obscuration  which  they  periodically  suffer,  from 
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-the  intervention  of  their  satellites,  indicates  the  same  conclu- 
sion* The  only  question  then  is,  to  determine  what  changes 
the  rays  of  light  transmitted  from  the  sun  undergo  at  the  sur- 
face of  the  planet. 

%  It  may  be  shewn,  that  if  a  planet  were  a  perfect  sphere, 
and  reflected  like  a  mirror  the  whole  of  the  incident  light,  it 
would  always  exhibit  a  round  image  of  the  sun,  extremely 
small,  indeed,  but  equally  bright  as  that  luminary,  and  only 
varying  in  size  according  to  its  relative  position.  On  this 
hypothesis,  our  planetary  system  would  have  appeared  only 
a  group  of  minute  suns,  and  not  betrayed  their  dependence 
by  any  distinction  of  phases.  From  the  principles  of  catop 
trics«  we  learn  that  each  reflected  ray  would  appear  to  flow 
from  a  virtual  focus  situate  on  the  chord  of  each  circular  sec- 
tion of  the  planet,  and  at  the  distance  of  one  fourth  of  that 
chord  behind  the  refringent  surface.  The  image  so  formed 
by  the  reflexion  of  the  light  of  the  sun,  subtends  the  same 
angle  at  (he  middle  of  the  chord  as  that  luminary  itself.  We 
may  deduce  this  simple  theorem,  That  the  diameter  of  a  planet 
is  to  that  of  the  solar  image  which  it  roould  reflect  at  its  superior 
conjunction^  as  its  distance  from  the  sun  to  the  fourth  part  of  his 
diameter*  Hence,  at  her  opposition,  Venus  would  have  ap- 
peared a  lucid  circle,  bright  as  the  sun,  but  with  only  the 
317th  part  of  her  actual  diameter.  In  approaching  to  the 
inferior  conjunction,  this  circle,  still  preserving  the  same 
brightness,  would  gradually  shrink  into  a  point.  For  a  like 
reason,  Jupiter,  as  a  perfect  mirror,  would  appear,  at  the  su- 
perior conjunction,  a  sun  of  only  the  2712ih  part  of  its  diame- 
ter, and  at  the  inferior  conjunciion  with  the  1797th  part  of 
its  diameter.  It  may  hence  be  calculated,  that  if  Venus,  at 
her  opposition,  were  to  reflect  the  whole  of  the  light  received 
from  the  sun,  her  illuminating  )x>wer  would  not  exceed  the 
3400  millionth  part  of  that  refulgent  mass.  By  a  similar 
computation,  it  will  be  found,  that  the  quantity  of  light  re* 
fleeted  by  Jupiter  at  his  superior  conjunction^  is  only  the  988 
millionth  part  of  the  direct  illumination  of  the  sun,  but  at  hia 
inferior  conjunction  the  432  roilHoath  part. 

It  is  more  interesting,  however,  to  trjice  the  operation  of  our 
moon.  Had  her  surface  acted  as  a  perfect  mirror,  she  would 
have  appeared,  after  Change,  a  mere  lucid  spot,  and  gradual- 
ly opened  with  the  splendour  of  the  sun,  till  it  appeared  at 
Full,  to  shine  with  a  diameter  equal  to  the  458th  part  of  its 
real  dimension.  Supposing  the  moon,  therefore,  to  send  back 
(he  whole  of  the  incident  light,  this  would  be  still  attenuated 


304     Prof.  Leslie  en  the  Light  of  the  Moon  and  the  Planets. 

310,000  times  more  than  the  solar  beams*  But  the  most  sin- 
gular result  of  the  supposition  of  a  perfect  reflexion  is,  that 
we  should  never  have  discovered  the  magnitude  ot  the  moon, 
surveyed  her  varied  surface,  or  distinguished  her  successive 
phases^  She  virould  have  had  the  appearance  of  only  a  very 
diminutive  sun,  alternately  approaching  to  the  earth  and  re- 
ceding from  it,  but  never  aavancing  nearer  than  458  times 
the  distance  of  the  real  sun.  The  moon,  therefore,  does  not 
strictly  perform  the  office  of  a  mirror,  but  scatters  the  inci- 
dent solar  beams  in  all  directions,  so  that  every  portion  of  her 
surface  looks  more  or  less  illuminated  ;  and  she  displays,  ac- 
cording as  the  side  fronting  the  sun  turns  towards  our  equa- 
tor, all  the  gradations  from  a  thin  crescent  to  the  full  orb. 

3.  The  conclusion  is  hence  incontrovertible,  that  if  the 
planets  and  our  moon  shine  by  light  boiTowed  from  the  sun, 
they  must  have  a  rough  or  matt  surface,  like  that  of  paper  or 
plaster.  It  is  only  through  the  medium,  indeed,  of  such  sur- 
faces, that  we  are  enabled  at  all  to  distinguish  the  natural 
colours  of  bodies.  The  particles  of  incident  light  are  not  re- 
flected on  their  mere  appulse,  but  sufitred  to  penetrate  the 
external  crust,  where  ihey  are  mostly  absorbed ;  while  a  cer- 
tain portion  of  ihcm  is  rejected,  and  again  discharged.  The 
rays  thus  remitted,  after  undergoing  such  internal  secretion, 
serve  to  indicate  the  constitution  of  the  substance  in  respect 
to  colour.  Even  from  polished  bodies,  besides  the  reflected 
light,  there  is  always  a  large  portion  rejected  after  penetra- 
tion. ^Thu«  a  slab  of  polished  marble  partly  represents  the 
surrounding  objects,  and  partly  evolves  its  own  n'ative  col- 
ours ;  but  hold  it  in  a  position  extremely  oblique,  and  it  will 
reflect  almost  the  whole  oi  the  incident  rays,  and  act  like  a 
colourless  speculum.  On  the  other  hand,  the  colours  of  any 
^stone  are  brought  out,  or  rendered  brighter,  by  wetting  its 
surface,  the  film  of  water,  by  its  refractive  power,  bending  the 
rays  inwards,  and  thus  facilitating  their  penetration. 

But  the  quantity  of  light  sent  back  from  a  white  matt  sur- 
face, is  in  every  case  extremely  small.  According  to  Bou- 
guer's  experiments,  paper  and  plaster  discharge  only  the  150th 
part  of  the  perpendicular  rays,  and  a  much  less  portion  of 
the  light  when  the  incidence  becomes  oblique.  If  the  moon 
appeared  of  an  uniform  whiteness,  we  could  hardly  reckon 
more  than  the  300th  part  of  the  solar  beams  to  be  again  re- 
jected and  dispersed ;  but  its  surface  being  very  irregular, 
and  dimmed  over  by  obscure  spaces,  this  estimate  may  be 
reduced  at  least  to  the  500th  part.     Hence  that  portion  of 
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the  %un^8  light  which  the  moon  can  remit  to  us,  would  be  500 
X  210,000,  or  105  million  times  diminished.  Yet  the  quanti- 
ty of  attenuated  light  which  we  actually  recei\e  from  the 
moon,  exceeds  this  measure  seven  or  eight  hundred  times. 
In  fact,  the  light  from  the  moon  is  equal,  if  not  superior,  to 
what  could  have  reached  us,  if  every  point  of  her  surface 
had  performed  the  most  perfect  reflexion.  Bouguer  inferred 
from  his  observations,  that  it  amounts  to  between  the  250,000th 
and  the  300,00bth  part  of  the  direct  light  of  the  sun ;  and  1 
found  it,  by  the  first  application  of  my  photometer,  to  ap- 
proach to  the  150,000th  part,  while  we  have  seen  that  the 
portion  of  the  solar  beams  which  could  ever  be  reflected  from 
the  Mpon,  exceeds  not  the  210,000th  part  of  the  total  inci- 
dence. We  are  thus  forced  to  conclude,  that  the  light  from 
the  Sun,  at  the  Moon's  surface,  is  almost  entirely  absorbed, 
but  exerts  a  power  to  cause  the  projection  of  a  still  greater 
quantity  of  luminous  particles,  which  had  lain  combined  with 
her  substance.  From  some  broad  spaces,  this  latent  light  is 
feebly  emitted,  while,  frdm  certain  lucid  spots,  it  is  discharg- 
ed with  extreme  profusion.  In  short,  we  are  compelled  to 
admit,  that  the  body  of  the  Moon  is  really  a  phosphorescent* 
substance  like  the  Bolognian  stone,  which,  excited  by  the  ca- 
lorific illumination  of  the  Sun,  is  made  to  shed  its  native  light. 
Nor  are  instances  wanted  of  analagous  effects.  The  mineral 
just  mentioned,  or  the  sulphate  of  barytes,  was  first  observed 
near  two  centuries  aso,  to  shine  spontaneously  after  being  ex- 
posed to  the  rays  of  the  Sun.  Various  calcined  or  incinerated 
substances  manifest  the  same  property.  A  diamond  held  for 
a  few  minutes  near  the  flame  of  an  Argand  lamp,  and  then 
carried  into  a  dark  room,  will  for  a  short  time  emit  a  vivid 
light.  But  this  lustre  is  always  white,  whatever  may  be  the 
colour  of  the  reys  absorbed,  insomuch  that  the  intervention 

*  Phosph4trie  bodies  are  those  which  shine  spoiitaneoasly  in  the  dark.  To 
this  class  belong?  phosphonis  itself,  and  many  substances  in  a  certain  stage  of 
putrefaction,  such  as  meat,  fish,  wood,  Lc.  But  the  term  phosphorescent  is 
applied  to  substances  which  become  lacid  for  a  short  time,  on  being  eiposed 
to  any  strong  light.  This  property  was  first  remarked  in  the  famous  Bologni- 
an stone — the  sulphate  of  barytes  or  heavy  spar, — which  being  suspected,  from 
its  ponderous  nature,  to  contain  silver,  was  roasted  in  contact  with  charcoal 
and  other  inflammable  matters,  for  the  purpose  of  extracting  the  ore  A  sim- 
ilar preparation  is  made  with  calcined  oyster-shells,  which,  being  pounded 
and  mixed  with  the  third  part  of  their  weight  of  the  flowers  of  sulphur,  are 
rammed  into  a  crucible,  and  subjected  for  half  an  hour  to  a  red  heat. 

To  the  class  of  phosphorescent  bodies  likewise  belong  a  numerous  catalogue 
of  minerals,  which,  when  heated,  shine  with  different  colours  in  the  dark. 
Most  substances,  as  I  have  shewn  in  a  former  paper,  are  caused  to  omit  vari- 
ous colonred  light,  by  a  powerful  electrical  excitement. 
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of  a  red,  green,  or  blue  glass  between  the  lamp  and  the  dia* 
mond,  will  not  alter  the  effect. 

The  Moon,  examined  by  a  good  telescope,  has  absolatelj 
the  appearance  of  an  incinerated  mass.  Some  circular  cavi- 
ties  and  round  protuberances  shine  with  remarkable  efful- 
gence, while  very  wide  and  smooth  plains  seem  to  have  near- 
ly lost  the  phosphorescent  property,  and  to  have  a  brown  or 
dfark  shade.  The  Moon  being  fifty  times  smaller  than  our 
globe,  with  only  the  seventieth  part  of  its  attractive  power, 
has  five-sevenths  of  the  Earth's  density,  and  is  consequently 
about  four  times  denser  than  water.  She  may  then  consist 
of  stony  matter  similar  to  the  terrestrial  composition.  But  it 
would  be  rash  to  pursue  the  parallel  any  farther.  No  dispo- 
sition is  more  fallacious  than  the  propensity  of  mankind  to 
personify  all  nature,  and  trace  our  image,  habits,  and  opera- 
tions in  strange  and  unknown  objects.  Every  spot  of  the 
universe  that  has  been  explored  teems  with  animation, — the 
land,  the  sea,  and  the  air — are  all  tenanted  by  some  kinds  of 
living  creatures.  But  what  right  Have  we  to  suppose  (hat 
the  inhabitants  of  the  Moon  have  any  relation  or  similitude  to 
ourselves?  There  is  no  appearance  of  any  water  in  the 
mpon,  nor  of  an  atmosphere*  But  the  former  might  be  de- 
tected by  its  optical  effects,  and  the  latter  by  the  occultation 
of  the.  fixed  stars.  If  any  creatures,  therefore,  live  in  the 
moon,  they  must  be  very  different  from  the  occupiers  of  this 
Earth.  We  may  perhaps  be  allowed  to  conjecture,  that  the 
surface  of  the  Moon,  apparently  marked  by  numerous  groups 
of  extinct  volcanoes,  is  only  recovering  from  ks  incinerated 
state,  and  advancing  slowly  into  a  condition  fit  for  the  growth 
of  the  vegetable  tribes.  A  careful  comparison  of  telescopic 
observations,  after  long  intervals  of  time,  might  perhaps  dis- 
<!over  this  process  of  amelioration,  and  ascertdrin  the  gradual 
darkening  of  the  surface,  which  must  follow  the  decay  of  the 
lunar  phosphorescence. 

The  oncicnt  cosmologists  and  their  poetical  expounders, 
entertained  a  whimsical  opinion,  that  the  stars  are  fed  by  the 
humidity  attracted  from  the  ocean ;  but  that  the  Moon,  being 
much  nearer  to  our  Earth,  drew  her  nutriment  only  from  the 
lakes,  whose  waters  in  exhaling,  carried  along  with  them  por- 
tions of  mud  and  other  impurities,  which  partly  encrusted  and 
obscured  her  syrface.  Had  the  delineation  been  more  pre- 
cise, we  could  perhaps  have  marked  the  spread  of  such  in- 
crustation during  the  course  of  three  thousand  years.  This 
mythological  notion,  however,  is  favourable  to  the  hypothesis 
of  the  gradual  change  of  the  Moon^s  surface. 
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It  deserves  to  be  noticed,  that  the  phosphorescent  quality 
"which  we  have  thus  been  led,  bj  a  strict  process  of  indue- 
tion,  to  ascribe  to  the  Moon,  b  not  altogether  a  new  proposi- 
tion.  Such  an  idea  was  started  by  Licetus,  Professor  of  Phi- 
losophy at  Bologna,  soon  after  the  discovery  of  the  singular 
stone  known  by  that  name.     But,  not  supported  by  any 

f)roofs,  his  opinion  seems  to  have  been  soon  neglected,  and  at 
ength  forgotten.  It  is  barely  mentioned  in  Riecioli's  Great 
Cofiection.* 

But  recent  discoveries  in  optics  furnish  another  demonstra- 
tion, that  the  moon  shines  by  her  native  light.  All  rays  re- 
flected from  glass  or  water,  or  generally  from  the  surface  of 
any  body  not  of  a  metallic  nature,  become  polarized.  To 
acquire  this  modification,  the  light  emitted  directly  from  the 
Sun,  a  candle^  or  the  fire,  roast  undergo  such  a  reflection. 
But  the  rays  of  the  Moon  aflect  the  very  same  disposition,  and 
therefore  must  not  have  previously  suffered  reflection  at  her 
surface.  This  ingenious  and  conclusive  remark  1  owe  to  my 
celebrated  friend  M.  Arago,  who  first  communicated  it  to  me  in 
conversation,  at  Paris  in  1814.  I  have  since  repeatedly  veri- 
fied it,  and  have  found  that  Venus  and  the  other  bright  plan- 
ets possess  the  same  property. 

The  theory  of  lunar  phosphorescence  accords  with  the  vari- 
ous phenomena.  Three  or  four  days  after  change,  the  very  th  in 
lucid  crescent  seems  to  embrace  a  dark  grey  circle,  suffused 
with  a  faint  mistiness,  vulgarly,  but  graphically,  termed  "  The 
old  moon  in  the  new  moon's  arms."  This  appearance  is  com- 
monly attributed  by  astronomers  to  reflected  light  from  our 
earth.  Were  the  whole  of  the  incident  solar  beams  sent 
back,  the  illuminating  power  would  no  doubt  be  thirteen  times 
greater  than  that  of  the  moon  herself,  and  would  hence  amount 
to  the  16,000th  part  of  the  direct  influence  of  the  sun.  But 
the  waters,  which  cover  three-fourths  of  the  surface  of  our 
globe,  could  reflect  only  the  55th  part  of  the  incident  light; 
and  the  reflexion  from  the  land  would  be  far  inferior.  We 
may,  therefore,  infer,  that  the  moon  receives  from  the  earth 

*  Heinrich,  in  hU  carious  book  on  Phosphorescence,  conjectures  that  the 
light  of  comets  is  of  the  same  nature  as  that  of  (he  Bolognian  stone,  and  hints 
that  not  only  the  Moon  and  the  Earth,  but  all  the  planets,  are  more  or  less 
phosphorescent.  Schroter,  Hardinjc,  and  other  practical  astronomers,  from 
the  phenomena  exhibited  by  the  Moon  and  Venus,  were  Led  to  believe  that 
the  planets  possessed  a  peculiar  light,  independent  of  that  of  the  Sun.  These  • 
details  serve  to  complete  (he  history  of  the  idea  of  lunar  phosphorescence 
irst  started  by  Licetus,  and  here  brought  forward  by  Professor  Leslie,  in  stt 
novel,  interesting,  and  strilcing  a  mann«r. — Kmt. 
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less  than  the  millionth  part  of  the  light  sent  to  her  from  the 
sun.  Such  a  faint  illumination  is  hence  quite  insufficient  to 
explain  the  cinereous  aspect  of  the  old  moon,  which  seems  to 
be  the  mere  expiring  glow  of  phosphorescence  after  it  has 
long  spent  its  force.  This  explication  i$  confirmed  by  the 
existence  of  the  fine  silvery  thread  which  appears  to  half  in- 
close the  ashy  circle.  If  this  extreme  margin  had  been  illu- 
mined by  the  earth,  it  would,  from  its  obliquity,  have  appear- 
ed even  fainter  than  the  rest  oLthe  surface.  But,  being  the 
last  portion  lighted  up  by  the  sun,  it  continues  to  glow  for  a 
short  space  after  it  has  retired  from  his  rays,  and,  presenting 
to  the  eye  a  very  contracted  front,  or  being  foreshortened^  it 
appears  the  more  vivid. 

Were  we  to  indulge  imagination,  we  might  suppose  that  the 
Moon  has  been  a  comet,  which,  chancing  to  come  near  the 
Earth,  and  to  cross  its  path  at  right  angles,  was  constrained 
to  obey  its  predominant  attraction,  and  henceforth  to  circu- 
late about  our  planet.  Its  approximation,  by  raising  stupen- 
dous tides,  would  have  occasioned  one  of  those  overwhelm- 
ing convulsion's  which  this  globe  appears  to  have  repeatedly 
suffered.  But  the  new  satellite  would'soon  lose  its  fiery  con- 
stitution, and  conglomerate  into  a  solid  mass.  In  its  subse* 
quent  progress,  it  will  gradually  assume  a  more  earthly  ap- 
pearance. But  when  it  shall  have  attained,  in  the  succession 
of  distant  ages,  the  ultimate  term  of  amelioration,  the  Moon 
will  no  longer  cheer  our  nights  by  her  soft  and  silvery  beams ; 
she  will  become  dim  and  wane,  and  seem  almost  blotted  from 
the  blue  vault  of  heaven.  To  our  most  distant  posterity  this 
prospect  is  indeed  gloomy;  but  other  changes  will  arise  to 
renovate  and  embellish  the  great  spectacle  of  the  Universe. 


Art.  XXXI. — On  the  Geographical  Dislribution  of  the  Vine^ 
(Vitis  vinifera.)    By  Professor  Schouw.* 

[Edin*  Philos.  Jour.'] 

m 

The  circumstances  of  a  local  nature  affecting  a  plant  which 
supplies  an  important  article  of  nourishment  to  the  inhabi- 
tants of  the  earth,  and  the  cultivation  of  which  affords  em- 

*  The  geog^raphical  and  physical  distribution  of  plants,  since  the  publica- 
tion of  Stromeyer's  early  essay,  has  continued  to  occupy  the  attention  of 
naturalists,  and  the  works  of  Brown,  Humboldt,  De  Candolle,  Buch,  Wahlen- 
^9rg,  &c.  are  proofs  of  the  interest  it  has  eicited  among  the  most  distinguished 
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pbyment  to  a  great  number  of  individuals,  cannot  fail  to  be 
uteresting,  not  merely  to  the  student  of  botany  and  geogra- 
phy, but  to  the  economist,  the  philosopher,  and  the  states^ 
man.  As  an  example  of  the  local  relations  of  a  cultivated 
plants  the  vine  has  here  been  selected. 

Since  a  detailed  account  of  the  distribution  of  this  plant 
would  here  exceed  our  limits,  the  reader  is  referred  to  the 
works  which  treat  of  its  cultivation. 

The  vine  does  not  appear  to  have  a  decided  preference  for 
any  kind  of  soil  in  particular.  It  may  be  said,  however,  in 
general,  to  succeed  better  in  a  dry  than  in  a  moist  situation^ 
With  regard  to  the  management,  as  is  well  known,  differenl 
modes  have  been  adopted;  the  plant  at  one  time  resting  on 
the  groond,  at  anoth^  being  fastened  to  stakes,  or  finding  $up^ 
port  from  other  natural  objects^  such  as  the  mulbe/ry  or  the 

The  difficulties  which  present  themselves  in  ascertaining 
the  distribution  and  natural  temperature  of  any  plant,  are 
doubled  with  regard  to  one  which  has  been  cultivatea.  Wheth« 
er  a  cultivated  plant  occur  at  any  particular  place,  depends, 
not  merely  on  climate,  but  also  on  the  state  of  the  civiliza'* 
tion  and  industry  of  a  people,  their  mutual  intercourse,  and 
often  on  their  manners,  religious  tenets,  &;c.  There  are  al- 
ways, however,  limits  fixed  by  the  climate,  which  neither  in- 
dustry nor  art  can  surmount.  To  ascertain  these  is  impor- 
tant, both  in  a  theoretical  and  practical  point  of  view ;  but 
even  the  knowledge  of  the  actual  distribution^  without  re- 
garding its  possible  enlargement,  is  by  no  means  devoid  of 
interest.  The  difficulty,  however,  is  greater,  since,  in  the 
generality  of  botanical  works,  little  notice  is  taken  of  the  cul- 
tivated plants,  and  hence  the  materials  must  be  collected  with 

botanists  of  our  time.  Schoaw  of  Copenhagen,  an  experienced  observer, 
bas,  for  several  years^  devoted  bis  attention  to  this  important  subject,  la 
181 6,.  he  published  a  curious  essay,  entitled,  "  Biuerlatio  de  Sedibus  Origina- 
riU  Plantarum  ;"  and  an  Essay  on  the  Geography  of  Plants,  by  the  same  au- 
thor, appeared  in  Sprengel's  "  J^eue  Endeekuvigen  for  1821."  In  1828,  ap- 
eiared  bis  large  work  "  On  the  Otography  of  Plants"  accompoiiikt  with  a 
lio  atlas,  in  which  the  distribution  of  plants  over  the  globe  is  expressed  by 
means  of  colours.  We  have  read  this  interesting  work  with  much  satisfac- 
don,  and  have  no  doubt  that  our  readers  will  peruse  with  pleasure  such  ex- 
tracts from  it  as  bear  on  the  popular  and  philosophical  parts  of  tbis-beautifut 
department  of  botany.  In  the  present  number  we  have  extracted  the  ac- 
count of  the  distribution  of  the  Vine ;  but  the  coloured  map,  representing  the 
geographical  distribution  of  this  phmt,  could  not  be  got  reedy  in  tinie*  In  ■ 
the  fouowitig  numbers  we  shall  continue  to  present  our  readers  with  further 
extracts,  and,  when  necessary,  accompany  them  with  notw.— Edit. 
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sreat  labour  from  geographical  treatises  and  books  of  travels* 
in  this  inquiry  1  have  confined  myself  to  tliose  portions  of  the 
earth^s  sur&ce  where  the  vine  succeeds  in  the  open  air,  and 
where  its  culture  forms  a  branch  of  industry ;  for,  by  extend- 
ing it  to  countries  where  the  vine  is  only  reared  in  gardens  or 
under  glass,  the  result  would  have  been  in  a  great  measure 
arbitrary  and  indefinite. 

Young,  in  his  Travels  in  France,  has  determined  the  north- 
ern limit  of  the  vine  in  that  country ;  it  is  also  indicated  in 
the  Flore  Fran^aise,  t.  i.  in  the  map  of  the  geography  of  plants. 
In  Brittany  and  Normandy  the  vine  is  no  longer  cultivated, 
and  having  been  succeeded  by  the  apple,  cider  is  there  the 
customary  drink.  From  ancient  documents,  however,  it  appears, 
that  in  these  provinces  the  vine  was  formerly  reared.  The 
northern  limit  has,  therefore,  been  perhaps  somewhat  arbitra- 
rily changed ;  and  it  is  now,  on  the  western  coast,  in  AV  SC, 
about  Nantes,  or  a  little  to  the  northward.  In  the  inland 
parts  of  the  country  it  ascends  to  49*^  (in  the  neighbourhood 
of  Paris\,  in  Champa igne  49**-50°,  and  farther  to  the  East, 
Young  gives  the  junction  of  the  Mosel  with  the  Rhine  (50°  2(y) 
as  the  boundary;  perhaps  it  reaches  even  to  the  51st  degree. 
In  the  heart  of  Germany  it  is  in  a  somewhat  lower  latitude ; 
but  in  Thuringia,  Saxony,  and  Siberia,  it  is  as  far  north  as  on 
the  Rhine,  or  m  51^  The  wine,  however,  in  these  countries, 
is  for  the  most  part  inferior.  Farther  towards  the  east  the 
limit  descends ;  for  although  Hungary  has  much  wine,  Galicia 
has  none,  and  ^hence  it  appears  to  be  here  in  48°-49°.*  In 
Moldavia  the  culture  of  the  vine  is  considerable,  as  well  as 
in  the  Crimea,  and  the  southern  parts  of  Russia ;  but  it  scarce- 
ly advances  here  beyond  the  47th  to  the  48th  degree.  In 
Moscow  the  vine  is  only  reared  under  glass.  In  Western  Asia 
it  is  cultivated  both  at  the  foot  of  Caucasus,  and  also  at  As- 
tracan ;  the  limit  may  be  47°-48°.  In  the  inner  parts  of  Asia, 
it  is  not  so  easily  ascertained.  The  vine  occurs  on  the  other 
side  of  the  Caspian  Sea;  in  the  country  of  the  Turcomans,  in 
Great  and  Little  Bucharia,  but  is  entirely  wanting  in  Siberia. 
In  the  eastern  part  of  the  Old  Continent,  the  culture  of  the 
vine  disappears.  In  Japan,  according  to  Thunberg,  grapes 
do  not  ripen;  neither  are  they  cultivated  in  China,  nor  in 
Cochincnina,  although  certainly  not  owing  to  causes  connect- 
ed with  the  climate;  but  perhaps  to  the  very  extensive  cul- 

■■■   I  '   ■    ■  ■■■■■■■■■»■■. ■!     ■■    .  I    ■ Ill  M  ■lliai*M> 

*  Wahlenberg,  tUra  Cctrpatkonm,  p.  IxvH. 
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ture  of  tea,  as  well  as  to  the  restricted  intercourse  of  the  Chi- 
nese with  strangers,  and  their  aversion  to  adopt  foreign  cus- 
toms. Several  Kinds  of  Vitis,  however,  grow  wild  in  Japan, 
and  probably  also  in  China.  '  In  the  New  World,  it  is  singular 
that  the  vine  is  only  cultivated  in  the  southern  provinces  of 
the  Unked  States,  although  several  sorts  of  Vitis  are  met  with 
over  a  very  considerable  district,  which  caused  the  part  of 
America  discovered  by  the  ancient  Scandinavians  before  Co- 
lumbus, to  be  called  the  Land  of  Wine.  To  the  West  of  the 
Alleghany  Mountains,  the  culture  of  the  vine  seems  to  extend 
farther  north,  being  found  on  the  banks  of  the  Ohio  in  37^ 
The  northwest  coast  appears  to  be  more  favourable  to  the 
vine,  for  it  is  reared  at  St  Francisco  (38°),  and,  according  to 
Humboldt,  to  the  north  of  Monte  Ray  beyond  37^  The 
northern  limit  in  Europe  and  Western  Asia  is  consequently^ 
nearly  coincident  with  the  parallels  of  latitude,  and  does  not 
by  any  means  suffer  such  deviations  as  that  of  the  beech- 
tree.  In  the  New  Continent  it  is  a  much  lower  latitude ;  ar- 
bitrary causes  may,  however,  come  here  into  operation,  and^ 
in  the  same  way,  we  must  account  for  the  vine  not  being  cuW 
tivated  in  the  eastern  part  of  the  Old  Continent* 

The  southern  limit  of  the.vine  in  the  northern  hcmisphei'e, 
falls,  according  to  Von  Buch,*  on  the  island  of  Fcrro  (27®  48'), 
and  this  must  be  acceded  only,  in  so  far  as  relates  to  places 
at  the  level  of  the  sea ;  for,  in  Barbary,  the  vine  flourishes 
only  in  the  northern  parts,  and  a  northern  exposure  is  consid- 
ered the  most  advantageous*!  In  Egypt,  the  culture  of  the 
vine  is  infconsiderable ;  {  and,  at  Abuscbsr  in  Persia,  (29®  3^), 
the  vines,  according  to  Niebuhr,  are  planted  in  pits  from  six 
to  ten  feet  deep,  that  the  grapes  may  not  be  dried  up  by  the 
heat  of  the  sun.  They  are  foxind,  however,  on  the  island  of 
Bahrein,  a  little  farther  south  than  27®.  In  North  America, 
the  southern  limit  appears  to  be  on  the  west  coast,  near  St 
Diego,  or  at  the  boundary  between  Old  and  New  California, 
(32®  39').  *  In  the  province  of  New  Biscay  the  vine  is  indeed 
found  as  far  south  as  26®,  (the  Lake  Parras,  St  Luis  de  la 
Paz),  but  probably  not  at  the  level  of  the  sea.  In  New  Mex- 
ico the  limit  extends  only  to  Passo  del  Norte  (32®9').||    In  no 


*  JiUgemeiM  Ubemeht^  p.  10. 

t  The  vine  is  exteosivelf  cultivated  in  Morocco,  but  onlf  on  aeconnt  of 
the<fmpM  M  food*  the  we  of  wine  being  foi  bidden  by  the  Mahometan  law. 

t  The  cultivation  of  the  vine  was  mora  considerable  daring  the  Uaie  of 
Cleopatra. 

I  Humboldt,  £^t  P0liH^,  t.  II.  p.  441, 442. 
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case  does  it  reach  the  tropic  of  Cancer  at  the  level  of  the  sea. 
In  the  torrid  zone,  the  vine  is  found  at  certain  elevations ; 
thus,  at  S.l  Jago,  one  of  the  Canary  Islands  (15°),  and  in  the 
Island  of  St  Thomas  on  the  coast  of  Guinea,  being  nearly  un- 
der the  equator ;'  this  island,  however,  is  mountainous ;  far^ 
ther,  in  the  high  lands  of  Abvssinia ;  and  in  Hindostan,  in 
the  Decan,  at  a.  considerable  height.  In  Cumana  (10°  27'), 
the  vine,  according  to  Humboldt,  bears  excellent  grapes ;  yet 
neither  here,  nor  any  where  else,  in  tropical  America,  not 
even  in  the  higher  lands,  can  the  vine  be  properly  said  to  be 
cultivated.  In  the  southern  hemisphere,  we  again  And  the 
culture  of  the  vine  beyond  the  tropic  of  Capricorn,  but  only 
vhere  it  has  been  introduced  by  the  colonists ;  and  hence  the 
limits  are  pretty  arbitrary.  The  vine  occurs  at  the  Cape  of 
Good  Hope  (34°),  and  some  degrees  farther  north  in  South 
Africa ;  at  Conception  in  Chili  (37°)  ;  in  the  interior  of  South 
America,  in  the  province  of  Buenos  Ayres,  (30°-35°) ;  and  in 
New  South  Wales  (34°) ;  it  does  not  constitute  here,  however, 
A  separate  branch  of  culture.  The  limits  towards  the  South 
Pole  cannot  be  accurately  defined,  partly  because  there  is 
little  land  in  the  higher  latitudes,  and  partly  because  there  is 
110  cultivation.  Since,  however,  the  culture  of  the  vine  is  not 
found  in  the  southern  part  of  Chili,  and  not  even  in  Van  Die- 
man's  Land,  they  certainly  do  not  go  beyond  the  40th  degree 
of  south  latitude. 

.  The  vine,  therefore,  occupies  two  belts  on  the  carth^s  sur- 
face, both  in  the  warmer  regions  of  the  temperate  zones ;  its 
distribution  in  these,  however,  is  b^  no  means  universal,  but 
from  deficiency  of  cultivation  in  different  countries,  from  the 
customs,  manner  of  life,  and  civilization  of  the  people,  and 
other  causes,  is  subject  to  many  interruptions.  The  eleva- 
tion above  the  level  of  the  sea  occasions  also  gaps,  and  in  this 
respect,  De  Candolle*  determines  the  highest  limit  in  45°  of 
latitude,  at  3460  feet;  accoi*ding  to  Wahienberg,t  it  amounts, 
in  the  north  of  Switzerland,  to  not  more  than  1 700,  and  in 
Hungary  to  only  SOO.J  According  to  ray  own  observations, 
.5000  may  be  assumed  for  the  southern  declivity  of  the  Alpine 
xange :  for  the  Apennines  and  Sicily  at  the  utmost  3000  feet. 
On  Tencriffe  according  to  Von  Buch,§  the  vine  does  not  as- 

*  Mimmru  i^Arevt^,  t  v.  p.  277. 

t  Tentwnetk  de  Vegelatume  tt  Oimale  in  Behttia  Seplmhrimialif  1818. 

i  FhrQ  (ktrpatkorum^  p.  livii.  et  39d. 

§  Jlll^emeine  Ubtrnchiy  p.  40. 
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cend  above  2600*  It  is  wantine  iu  the  hieh  laiids  of  tropical 
America ;  and,  with  respect  to  tne  particular  spots  within  the 
tropics  where  it  occurs  insulated,  the  heights  have  not  been 
accurately  ascertained. 

Do  we,  on  the  other  hand,  wish  to  ascertain  those  parts  of 
the  earth's  surface,  where  the -produce  of  the  vine,  as  welkin 
-respect  of  quantity  as  quality,  attains  its  maximum,  then  we 
have  only  to  look  to  the  south  of  Europe,  and  western  parts 
of  Asia.  Other  causes,  however,  certainly  contribute  to  this 
besides  climate ;  especially  that  these  regions  have  always 
been  the  principal  seat  of  refinement,  and  that  the  vine  is 
probably  a  native  there. 

The  degrees  of  latitude  affect  also  the  goodness  of  the 
grapes  and  the  wine,  in  norihern  pai*ts,  the  wine  is  more  in- 
clined to  acidity  than  in  the  south,  which  is  sufficiently  shewn 
by  a  comparison  of  the  Rheiysh  with  the  Sicilian  or  Grecian 
wines.  The  strength  of  the  wines  also  increases  as  we  ap- 
proach the  Tropics.  In  confirmation  of  which,  Madeira,  for 
instance,  is  stronger  than  that  of  the  north.  In  this  respect, 
however,' the  latter  improves  as  it  gets  old.  We  have  farther 
to  remark,  that  particular  localities  seem  to  exercise  a  decided 
influence.  Thus,  the  various  Hungarian  wines,  (Tokay,  for 
example),  are  distinguished  for  strength ;  the  cause  of  which 
Wahlenberg  seeks  to  find  in  the  prevailing  dry  easterly  winds. 
Freauently,  in  a  particular  district,  or  even  in  a  single  vine- 
yara,  wine  of  a  particular  flavour  is  produced,  such  as  Con- 
stdnlia,  Hocheimer,*  &;c. 

It  appears  from  a  Table  I  have  published,  that  the  mean 
yearly  temperature  of  any  particular  place  affords  no  perfect 
rule  K>r  the  distribution  of  the  vine.    Thus,  the  mean  tem- 

i)erature  of  London  is  higher  than  that  of  Zurich,  and  very 
ittle  lower  than  that  of  Geneva,  and  yet  the  former  lies  nearly 
3^  beyond  the  northern  limit  of  the  vine,  while  the  two  last 
are  within  it*  Ofen,  again,  lies  1^^  south  of  it,  while  the 
mean  temperature  i»^  very  little  more  than  that  of  London. 
In  Sicily  the  vine  ceases  to  grow,  on  account  of  the  elevation, 
where  the  mean  temperature  is  greater  than  that  of  London ; 
and  this,  it  appears,  is  still  more  strikingly  the  case  in  the  Ca- 
nary Islands*  The  mean  temperature  of  summer  has  much 
greater  influence.     It  is  higher  in  Zurich,  Geneva,  Paris,  and 

*  There  are  nmnerous  variUies  of  the  grape  vine,  differing  in  flavour  and 
other  qualities;  and  the  prevailing  culture  of  particular  vaneties  often  gives 
a  character  to  the  wine  of  the  district.— Edit. 
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Ofen,  than  in  London,  or  in  Sicily,  at  a  height  where  the  mean 
yearly  temperature  is  greater.  It  is,  indeed,  easily  comprehen- 
sible, that  the  temperature  of  that  period  at  which  the  grapes 
ripen,  must  be  the  most  important.  Herein  lies  the  cause 
why  the  northern  limit  in  Europe  does  not  recede  from  the 
pole  in  our  progress  eastward,  but,  on  the  contrary,  is  found 
in  a  lower  latitude  in  the  western  than  in  the  middle  parts ; 
for,  although  the  mean  yearly  temperature  decreases  consid- 
erably from  west  to  cast,  the  temperature  of  summer,  on  the 
contrary,  increases  even  on  the  same  parallel,  and  much 
more  on  the  same  isothermal  line.  On  that  account,  the  upper 
limit  in  Italy,  Sicily,  and  Teneriffe,  is  proportionally  much 
lower ;  for,  towards  the  equator,  the  heat  of  summer  does  not 
increase  nearly  in  an  equal  degree  with  the  medium  tempera- 
ture. A  high  summer  temperature,  combined  with  a  low  an- 
nual temperature,  can,  however,  only  to  a  certain  extent, 
make  a  country  adapted  to  the  culture  of  the  vine.  Thus, 
the  isothermal  summer  heat  of  Moscow  is  1905,  which  is 
higher  than  in  Paris,  Zurich,  or  Geneva,  and  yet  grapes  at 
the  former  only  ripert  under  glass.  It  may,  indeed,  at  once 
be  affirmed,  that  a  severe  cola,  especially  a  cold  spring  and 
autumn,  must  prevent  the  culture  of  the  vine,  however  high 
the  summer  temperature  may  be.  Frequent  night  frosts,  at 
the  time, when  the  leaves  arc  unfolding,  or  when  the  blossom 
shews  itself,  and  a  low  temperature  in  the  autumnal  months, 
in  which  the  grapes  come  to  their  full  maturity,  must  act  in- 
juriously on  the  vine.  Perhaps  there  is  here  a  concomitant 
reason  why,  in  North  America,  the  vine  does  not  ascend  far- 
■  ther  to  the  north,  although  the  summer  temperature  is  high  in 
proportion  to  the  mean  throughout  the  year. 

As  the  northern  limit  is  chiefly  determined  by  the  medium 
temperature  of  summer,  it  is  equally  so  with  the  southern. 
In  Madeira  and  the  Canary  Islands,  the  mean  temperature  is 
not  much  lower  than  in  Algiers  or  Cairo,  and  yet  the  culture 
of  the  vine  is  very  considerable  in  thes6  islands;  whereas  in 
Algiers  the  temperature  is  already  too  high  j  and  in  Cairo  it  is 
only  planted  for  the  sake  of  its  shade.  In  islands,  however,  the 
summer  heat  is  lower  than  in  continents. 

It  is  still  more  difficult  to  determine  the  natural  than  the 
artificial  distribution  of  the  vine,  or,  what  is  the  same,  the 
countries  where  it  is  a  native.  Every  cultivated  plant  easily 
fcecomes  wild,  and  it  is  therefore  often  difficult  to  decide 
-whether  at  any  given  place  it  may  have  been  native.  It  is 
easy  to  shew,  however,  that  the  vine  is  not  originally  wild  in 
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the  New  Continent,  on  the  Canary  Islands,  Madeira,  or  the 
Cape.  It  is  farther  probable,  that  this  also  applies  to  all  the 
countries  of  Europe,  on  this  side  of  the  great  Alpine  range. 
In  Caucasus  and  the  (^evant  it  frequently  occurs  wild,  and 
every  thing  concurs  to  "point  out  this  as  its  original  home.  In 
the  south  of  Europe  this  is  more  doubtful.  It  is  indeed  found 
in  Italy,  particularly  in  the  southern  parts,  in  wood^,  and  in 
such  circumstances  that  there  one  might  be  inclined  to  regard 
it  as  originally  wild.  I  cannot,  however,  affirm  this  to  be  al* 
together  ascertained.  Historical  accounts,  and  popular  tra- 
ditions, might,  perhaps,  throw  light  upon  the  migrations  of 
this  plant.  This  investigation,  however,  does  not  properly 
belong  to  our  subject. 

Within  the  limits  of  the  vine,  wine  is  the  customary  drink. 
In  higher  latitudes,  beer  and  cider  supply  its  place,  and,  as  a 
spirituous  drink,  ardent  spirits  from  grain.  In  the  torrid  zone, 
various  plants  afford  substitutes  for  wine:  thus,  in  Mexico, 
the  Agave  Americana  is  cultivated,  and  yields  a  kind  of  wine; 
Raphia  (Sagus)  vinifera  gives  a  beverage  resembling  wine,  in 
Guinea  and  other  places ;  Rice  and  the  Sugar-^ane  furnish 
both  Indies  with  spirituous  liquors. 


Art.  XXXIL — Remarks  illusir€Uive  of  the  Influence  of  Society 
on  the  Distribution  of  British  Animals.  T^j  the  Rev.  Johk 
Flbming,  D.  D.  F.  R.  S.  E.  M.  W.  S.  &c. 

[Edin*  Philos.  Jour.'] 

It  is  cu8U>mary  with  antiquaries  in  general,  to  delight  to 
dwell  on  scenes  which  exhibit  to  their  imagination  the  me- 
morials of  events  nearly  forgotten,  or  the  transactions  or  cus- 
toms of  distant  ages.  Events  of  a  more  recent  kind,  or  trans- 
actions which  may  be  considered  only  in  progress,  do  not 
arrest  their  attention,  or  at  least  fail  to  excite  in  their  minds 
th^t  deep  interest  which  remoter  subjects  readily  awaken. 
The  public  likewise  feel  and  act  much  in  the  same  manner. 
There  is  an  importance  attached  to  remote  events,  depending 
solely  on  their  antiquity ;  while  there  is  a  vulgarity  insepar- 
able from  recent  events,  founded  on  the  supposition  of  their 
being  well  known. 

Geologists  have  lon§  acted,  and  we  fear  still  act,  in  a 
similar  manner  to  antiquaries.    The  study  of  the  charac- 
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ters  of  the  older  strata  (th^ir  position,  structure,  and  ingredi- 
ents), has  been  pursued  with  greater  ardour  than  any  re- 
searches which  nave  been  entered  upon  with  the  view  of  il- 
Instratine  the  connexions  of  the  newer  deposits*  Coal,  sand- 
stone and  limestone,  have  been  examined  with  zeal,  while  few 
Iiave  bestowed  their  attention  on  peat,  sand,  or  marl.  Simi- 
lar practices  have  prevailed  with  regard  to  organic  remains. 
Many  have  speculated  concerning  the  structure  and  habits  of 
those  relics  which  occur  in  the  solid  strata,  who  have  not 
deemed  the  study  of  tbe  laws  which  regulate  the  living  races 
an  object  of  much  consequence. 

We  are  not  disposed  to  refer  these  well  known  habits  of 
the  antiquary  and  the  geologist  to  any  natural  preference  of 
the  obscure  to  the  distinct, — of  subjects,  the  nature  of  wl^ich 
may  be  illustrated  with  certainty,  to  those,  the  relations  of 
which  circumstances  have  rendered  us  incapable  of  deter- 
mining. We  are  aware  that  antiquarian  and  geological  spec- 
ulations arc  usually  engaged  in  from  motives  of  amusement, 
and,  when  conducted  in  the  usual  manner,  seldom  fail  to  grat- 
ify their  votaries.  Were  they  to  commence  their  investiga- 
tions, with  a  knowledge  of  recent  events,  and  proceed  by  de- 
grees to  those  of  remoter  times,  their  conclusions  would  assume 
a  more  imposing  character,  but  the  accompanying  labour 
would  be  greatly  increased.  In  speculating  on  the  affinities  of 
recent  events,  the  understanding  is  ever  occupied  with  facts ;. 
and  the  imagination,  thus  in  trammels,  dare  not  indulge  in  its 
licentious  wanderings.  But  when  remote  events  are  toe  sub- 
jects'of  our  contemplation,  fancy  becomes  a  valuable  assist- ' 
ant,  by  reuniting  aisjointed  links,  supplying  that  which  is 
wanting,  and  enabling  the  mind  to  arrive  at  conclu^ons, 
which,  without  the  labour  of  investigation,  had  probably  been 
long  anticipated. 

In  Britain,  there  are  many  individuals,  possessed  of  much 
zeal  and  sagacity,  who  have  long  been  directing  their  atten- 
tion to  those  organic  remains  which  occur  in  the  different 
regularly  stratified  rocks,  and  many  important  facts  in  their 
history  have  been  satisfactorily  established.  More  recently, 
public  attention  has  been  excited,  in  a  remarkable  degree,  by 
the  accounts  which  have  been  communicated  of  those  singu- 
lar remains  of  quadrupeds  and  birds  found  in  many  limestone 
caves,  and  loose  depositions,  which  have  been  termed  dihmal 
by  several  English  mineralogists.  These  quadrupeds'  are 
sfupposed  to  have  been  destroyed  by  the  last  grand  catastro- 
phe that  our  planet  has  experienced,  and  which,  in  the  opin- 


DUtramtim  of  Brititk  AnimiOs.  917- 

j6n  of  many,  is  identical  with  tbe  )leluge  of  Noah.  At  this 
point,  tbe  researches  of  the  geologist  have  terminated ;  and 
the  truly  interesting  interval  succeeding  that  period,  and  ex- 
tending to  the  present  time,  has  been  neglected  as  too  recent 
for  inquiry  or  speculation.  To  us,  however,  it  appears  under 
a  different  aspect ;  and  we  trust  that  the  observations  which 
follow,  will,'  to  a  certain  extent,  justify  the  propriety  of  our 
views,  and  even  excite  others,  who  are  placed  in  more  fa* 
vourabte  circumstances^,  to  contribute  to  the  illustration  of  a 
subject,  calculated  to  throw  much  light  on  the  more  ancient 
revolutions  of  our  globe. 

Man,  whether  we  view  him  as  a  savage  or  a  citizen,  is  in* 
duced,  by  various  motives,  to  carry  on  a  destructive  warfare 
against  many  animals,  which  he  finds  to  he  his  fellow  residents 
on  tbe  globe.  If  we  consider  him  as  supporting  his  savage 
character,  we  witness  the  chase  of  the  graminivonnis  animals, 
entered  upon  as  a  measure  of  necessity  to  sqpplv  the  cravings 
of  bis  appetite.  He  observes  their  habits,  their  haunts,  and 
their  migrations, — the  hours  at  which  they  feed,  the  periods 
of  their  repose,  and  the  season  of  the  year  at  which  they 
bring  forth  their  youne.  Guided  by  his  experience,  he  com- 
mences his  attack  with  such  effect,  that  the  resources  of  the 
antagonist  are  generally  insufficient  to  provide  a  defence,  or 
secure  a  retreat.  But  he  has  other  wants  to  provide  for  be- 
sides those  connected  with  his  supply  of  food.  The  skins  of 
animals,  with  but  little  preparation,  afford  him  comfortable 
chthing^  a  covering  to  his  tent,  or  a  water-proof  casement  for 
his  boat ;  while  their  fat  supplies  fuel  for  his  lamp,  or  an 
ointment  for  his  skin. 

The  savage  does  not,  however,  confine  himself  in  his  hunt- 
ing parties  to  the  graminivorous  animals.  The  camivorau$ 
kinds  are  equally  the  objects  of  his  anxious  pursuit.  Many 
of  these  dare  to  wage  war  with  himself, — ^to  dispute  a  track 
through  the  forest,  or  mountain  gorge,  or  feariessly  and  sue*' 
cessfoily  rush  into  personal  combat.  The  extermination  of 
such  opponents  is  pursued  as  a  measure  of  safety.  But  tbe  ani- 
mals that  thus  readily  make  their  prey  of  the  savage  himself^ 
in  company  with  many  others,  less  powerful,  pursue  the  grami- 
nivorous kinds,  divide  the  prize  with  him,  or  bear  it  away. 
The  savaTO  thus  carries  on  a  war  a^inst  the  eraminivorous 
animals,  cniefly  to  procure  food  and  raiment ;  while  he  no  less 
zealdusly  endeavours  to  destroy  the  carnivorous  kinds,  as  * 
endangering  his  personal  safety,  or  interfering  with  th^  o1> 
jects  of  his  pursuit. 
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When  man  emerges  from  his  rudest,  or  merely  hdiuiag  slatv 
to  the  pcistoral  ctioditioo  of  society^  his  attacks  on  the  grami* 
oivorous  animals  are  not  less  keeolj  or  successfully  cooduci* 
ed;  while  those  which  he  has  reclaimed  by  his. sagacity  r«* 
quire  a  great  share  of  his  attention.  These  have  their  natural 
provisions  against  danger  greatly  reduced  by  domestication  $ 
and  consequently  require  for  tneir  safely  the  protection  of 
their  owners.  To  secure  this  safety,  man  is  led  to  carry  oa- 
a  more  vigorous  war  against  all  those  carnivorous  kinds  wbicb 
be  formerly  persecuted,  and  perhaps  others  which  he  now 
finds  disturb  or  kill  the  young  of  his  herds.  If  be  rises  from 
the  pastoral  to  the  aericultural  «tate  of  society,  he  finds  that 
the  enemies  of  his  fields  are  equally  numerous  with  those  of 
bis  flocks  i  that  the  catalogue  of  his  foes  has  become,  greatly 
extended  ;  and  that  he  must  aasume  the  character,  not  merely 
of  the  master,  but  the  tyrant  of  the  ^iL 

The  war  which  man  thus  carries  on  against  the  lower  ani- 
mals, is  influenced,  in  a  remarkable  degree,  by  the  progress 
of  society.  The  wants  of  man  increase  in  kind  and  varielj 
with  his  advances  in  civilization,  and  his  means  of  supplying 
them  become  proportionally  numerous.  The  war  earned  on 
by  rude  tribes  is  limited  in  its  objects,  and  uncertain  in  its  re- 
sults. But  with  the  progress  of  experience  and  improvement, 
the  objects  of  the  chase  cease  to  be  limited,  while  the  methods 
of  capture,  and  engines  of  death,  become  more  numerou3, 
complicated,  and  enectuaL  The  war  is  likewise  influenced 
bv  circumstances  of  a  local  nature.  In  the  warmer  re^pona 
01  the  earth,  the  physical  obstacles  against  which  anunala 
have  to  contend,  are  not  so  numerous  as  in  tbe  ten^perate  and 
colder  regions.  There,  too,  man  is  not  so  intel%ent  or  ener- 
getic.  But  in  the  higher  latitudes,  the  changes  of  th«  seasoa 
exercise  a  more  powerful  influence,  and,  at  intervals,  plac^ 
animals  within  the  reach  of  capture,  which  at  other  times  aro 
igk  comparative  safety*  Here,  too,  man,  having  a  more  scan- 
ty supply  yielded  him  by  the  vegetable  kingdom,  is  compel- 
led to  oe  more  active  in  the  cbace,  and  the  cUmate  in  which 
he  resides  fits  him,  in  a  peculiar  manneri  for  barc^  enter* 
prize. 
In  attending  to  the  checks  imposed  on  tbe  increase  of  laa^ 
;  of  the  lower  animals,  we  must  view  them,  not  merely  aa 
e  objects  of  the  continued  persecution  c^  the  human  rac€^ 
but  as  equally  exposed  with  man  himself,  to  experienco  tht 
depopulating  influence  of  various  Dhysical  cha«{e6^*<-4he  vol* 
canic  eruption  or  earthquake,-^floods^-"dj!^ij|gfai ^    fjpgU  or 
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iAm>w9,— and  epizooties.  Severity  of  season  and  contagious 
disease  may  account  indeed  for  the  accuniulation  at  one  spot 
of  more  individuals  of  a  species,  or  of  different  species,  than 
the  quantity  of  food  produced  by  the  district  could  be  sup- 
posed capable  of  maintaining. 

If  we  consider  the  dispersion  of  the  human  race  over  iht 
earth's  surface,  (for  to  what  spot  has  man  failed  to  find  his 
way  ?),  and  the  unremitting  jjersecution  which  they  have  car- 
ried on  against  the  lower  arrimals,  during  the  long  term  df 
nearly  6000  years,  varying  their  destructive  weapons  with 
the  progress  of  improvements,  and  extending  their  ravages 
with  the  Increase  of  their  wants,  we  shaR  arrive  at  the  con* 
elusion  that  man  must  have  altered  greatly  the  geosraphical 
range  of  many  species,  and  may  even  have  succeeded  in  ef- 
fectmg  the  total  destruction  of  a  few.  But  we  are  not  left  tp 
conjecture  on  this  interesting  subject.  Though  the  preceding 
observations  have  been  considered  necessary  to  remove  prej- 
udice, and  prepare  the  mind  for  examfaiine  the  proofs  wnich 
are  about  to  be  offered,  they  are  only  to  be  viewed  as  estab- 
lishing the  probabilities  of  the  (question.  Numerous  facts 
eeem  to  offer  themselves  m  illustration  of  the  subject.  Thos^ 
connected  with  birds  shall  be  first  attended  to. 

The  improvements  which  have  taken  place  in  agriculture, 
within  the  recollection  of  the  oldest  inhabitants  of  the  coun- 
try, and  the  extended  use  of  fire-arms,  have  produced  such 
remarkable  changes  on  the  haunts,  the  shelter,  and  the  means 
of  subsistence  of  many  birds,  as  to  banish  from  extensive  dis- 
tffcts  several  species  which  were  formerly  abundant.  Ea- 
j5!es,  Ravens,  and  Bustards,  have  entirely  disappeared  from 
me  more  cultivated  districts.  The  haunts  of  the  Mallard^ 
the  Snipe,  the  Redshank,  and  the  Bittern,  have  been  drained^ 
equally  with  the  summer  dwellings  of  the  Lapwing  and  the 
Curlieu.  But  the>e  yet  remain  districts  to  which  these  spe- 
cies can  resort,  and  continue  to  maintain  their  claim  to  be 
regarded  as  British  subjects,  though  the  limits  of  their  resi- 
dence have  been  greatly  reduced.  Others,  however,  have 
shared  a  different  fate. 

The  Capercailzie  or  Wood  Grouse,  formerly  a  native  of  the 
pine  forests  of  Ireland  and  Scotland,  has  been  destroyed  with- 
in  the  last  fifty  years.  It  still,  however,  maintains  its  station 
in  the  more  extensive  woods  of  Northern  Europe  and  Asia. 
Those  which  survive  in  the  Norwegian  forests,  are  likely  soon 
to  share  the  same  fate  as  the  ancient  inhabitants  of  our  own 
VQod9,  ai  numbers  now  find  their  way,  duriag  the  wiater  aei- 
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son,  to  the  shops  of  the  London  poulterers.*  Attempts^  it  is 
under&tood,  have  been  recently  made  to  restock  our  pine  for- 
ests in  the  north  with  this  noble  bird  from  their  continental 
haunts. 

The  Egret,  which  does  not  at  present  occur  but  as  an  oc- 
casional visitant,  appears  to  have  been  plentiful  about  the  mid- 
dle of  the  15th  century.  A  thousand  individuals  are  stated 
to  have  been  used  at  the  celebrated  feast  of  Archbishop  Ne- 
vill  in  the  reign  of  Edward  the  Fourth.t 

The  Crane,  now  equally  rare  with  the  Egret,  appears,  even 
so  late  asthe  days  of  Willoughbv,  to  have  occurred  in  abun- 
dance.  In  his  '^  Omiihologia,^^  he  says :  ^^  ssepissime  ad  nos 
commeant,  suntque  in  palustribus  agri  Liocolniensis  et  Canta* 
brigiensis,  eestivo  tempore  ma^ni  eorum  greges,''  p.  200* 
Jlay,  when  repeating  the  same  observation,  states  their  visits, 
(probably  with  greater  propriety)  to  have  been  "  hyberno 
tempore,^  Syn.  Av*  p.  95.  That  they  were  equally  common 
in  Scotland  a  century  previous  to  the  observations  of  Wil- 
loughby,  appears  evident  from  the  following  passage  of  Les- 
ley, "  jDc  Urigine^  Morihus  et  Rebus  gtsiis  Scotorum^'^^  Rome, 
1678,  p.  25.  ^^  Cseterum  quia  nihil  est  ex  omni  parte  beatum, 
quod  una  parte  nobis  redundat,  alia  est  diminutum ;  nam  ci?- 
conisB,  fasiani,  turtures,  turdi,  philomelas,  apud  alias  nationes 
frequentes,  vix  apud  nos  inveniuntur;  grues  pluritni  sicut  et 
ardeas :  olores  autem,  quorum  apud  Anglos  magnus  est  pro- 
ventus  pauciores." 

Though  these  birds  are  now  expelled  from  Britain,  they 
still  continue  on  the  <^ontinent  of  Europe  and  Asia,  to  main- 
tain their  existence,  favoured  by  the  great  extent  of  waste 
groiind,  and  the  comparatively  slow  progress  of  improvement 
in  society. 

It  may  now  be  asked.  If  these  birds  have  so  very  recently 
suffered  expulsion  from  the  British  Isles,  how  many  more  spe- 
cies must  have  been  extirpated  since  !he  Celt  first  took  pos« 
3ession  of  the  country,  or  even  since  the  Roman  armies  were 
withdrawn  ?  But  on  this  subject  we  presume  not  to  specu- 
late, as  we  have  neither  documents  left  us  in  history,  nor  me*^ 
morials  in  nature. 

*  Some  hundreds  of  these  birds  are  aooually  sold  io  the  market  of  Chria- 
tianain  Norway —^ED1T. 

t  There  arc  some  circumstances  connected  with  the  known  habits  of  the 
birds  stated  to  have  been  served  up  at  this  feast,  calculated  to  shake  our  con-* 
fidence  in  the  truth  of  its  historv,  or  at  least  in  the  accuracy  of  its  historian. 
'Woodcocks  and  cranes,  as  well  as  ruffs  and  quaills,  appear  in  equal  abun- 
dance, though  the  fonnac  visit  the  country  only  in  the  winter,  the  latter  m 
tbe  Bommer. 
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The  influence  of  the  progress  of  society  on  the  specie^  of 
British  (^uadrupedi  will  appear  to  have,  been  equally  exten- 
sive. 

As  furnishing  articles  of  subsistence  or  luxury  for  the  ta- 
ble, the  efforts  of  the  chace  have  been  long  directed  against 
the  three  species  of  deer,  with  which  the  country  formerly 
abounded.  In  the  days  of  Lesley,  the  pursuit  of  the  stag, 
fallow-deer,  and  roe  ("cervum,  damam  aut  capream''),  by 
means  of  blood-hounds  and  grey-hounds,  constituted  the  no- 
blest sport.  And  when  he  informs  us,  that  from  500  to  1000 
were  sometimes  slain  at  a  hunting-match,  we  cease  to  be  sur- 
prised at  the  diminution  of  the  breed.  Were  it  not  for  pre- 
served forests,  indeed,  the  native  races  would  soon  be  extin- 
guished. 

The  pursuit  of  several  of  our  native  animals,  for  the  sake 
of  their  Jur^  has  long  been  a  favourite  object  with  the  hunter, 
and  the  articles  of  export  which  it  has  nimished  have  been 
deemed  worthy  of  legislative  enactments.  The  Otter,  the 
Martin,  and  the  Polecat,  have  in  consequence  been  redu- 
ced within  narrow  bounds. 

Noxious  quadrupeds,  or  such  as  are  injurious  to  the  poultry- 
yard,  or  the  fold,  as  the  Wild-Cat  and  Fox,  have  in  like  man- 
ner, in  recent  times,  been  greatly  reduced  in  numbers.  About 
the  middle  of  last  century,  several  fox-hunters,  (by  trade)^ 
were  to  be  met  with,  each  keeping  a  small  pack  of  well-trained 
hounds,  frequenting,  periodically,  diflereut  districts  of  the 
country,  sojourning  for  a  few  days  at  the  house  of  a  farmer/ 
where  having  destroyed  the  vermin  of  the  neighbourhood, 
and  received  a  small  recompense  in  money,  they  departed  to 
another  quarter,  where  their  services  were  needed  and  ex- 
pected. But  the  hireling  fox-hunter  is  not  now  a  trade  which 
the  state  of  the  country  requires.*  His  employment  has 
passed  into  the  hands  of  gentlemen,  and  ceasing  to  be  view- 
ed as  mean  or  vulgar,  is  entered  upon  with  zeal,  as  an  agree- 
able and  athletic  exercise.  But,  in  some  places,  the  objects 
of  the  sport  have  become  so  scarce,  that  it  is  necessary  to 
import  the  victims  from  the  yet  half-reclaimed  districts.    . 

badgers  appear,  likewise,  at  a  former  period,  to  have  been 
more  numerous  than  at  present.  There  are  several  places, 
the  appellations  of  whkh  have  the  prefix  Brock  or  Badger, 
attesting  in  the  Gothic  name  the  prevalence  of  these  animals, 
and  the  Scandinavian  power  by  which  it  was  imposed. 

*  Fox-hunters  are  still  employed  in  MorveOi  lale  of  Sl^e,  aad  other  Hidi* 
r^pd  di0tri6b.-*£t)iT. 
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The  preceding  quadrupeds  have  been  merely  reduced  in 
numbers,  and  expelled  from  certain  districtd ;  others,  hov^* 
ever,  have  proved  too  feeble  to  support  the  war  carried  oiv 
tgainst  them,  and  do  not  at  present  e]dst  in  a  wild  state  in 
the  country.  So  early  as  the  period  of  the  Roman  Invasion, 
the  Britons  appear  to  have  paid  great  attention  to  the  Horse^ 
as  a  useful  engine  of  war,  as  is  attested  by  C»sar,  in  the  de- 
scription he  gives  of  their  cavalry, .  {Ccm.  Cwh.  lib.  iv.  SB.) 
The  excellence  of  the  breed,  even  in  the  reign  of  Athdstan, 
may  be  inferred,  from  his  prohibitory  statute,  preventing  their 
exportation.  At  what  period  the  wild  breed  oecame  extinfcf, 
we, have  not  the  means  of  determining.  If  we  are  to  credk 
Hector  Boece,  troops  ^^equorum  iimomitoruiip^  frequented 
Inverness-shire  so  late  as  the  end  of  the  15th  century. 

Of  the  ancient  indigenous  Oxen  of  this  country,  two  differ- 
ent breeds  appear  to  nave  existed.  The  **  vacom  non  eicures^ 
of  Lesley,  (p*  10.)  which  frequented  the  mountainous  regions 
of  Argyie  and  Ross,  were  probably  the  parent  stock  of  the 
present  breeds  of  cattle,  which  yet  preserve  a  considerable 
uniformity  of  character,  in  the  more  remote  districts  of  the 
country.  The  "  boves  sylvestres*^  of  the  same  author,  remark- 
able for  their  white  colour,  with  the  muzzle  and  ears  blaek, 
were,  even  in  the  days  of  Sir  Robert  Sibhald,  {Scot.  III.  pt  7.) 
to  be  met  with  in  mariv  of  the  mountainous  regions  of  Scot* 
land.  The  remains,  indeed,  of  this  breed,  are  yet  preserved 
in  the  parks  of  a  few  of  our  nobility.  Our  ancient  historians 
give  to  the  last  varieties  manes^  confounding  them  probably, 
with  the  aurochs  of  Geimany  (Bos  Urus),  a  species,  the  ckims 
of  which  to  a  place  even  in  our  extinct  Fauna  is  doubtful. 

The  Wild  Boar^  once  a  native,  abounded  in  the  reign  of 
Henry  the  Second,  in  the  great  forest  then  existing  to  the 
north  of  London,  according  to  the  testimony  of  Fitzstepheiv 
In  Scotland,  the  parish  and  family  of  Swinton  owe  their  name 
to  this  animal,  the  former  celebrated  for  harbouring,  the  latter 
for  destroying  them.  The  period  of  their  extirpation  i^  un- 
Icnown. 

The  for  of  th^  Beaver  has  ever  been  highly  prized,  and 
caeerly  sought  after.  At  the  close  of  the  9th  century,  this 
anunaf  had  become  scarce,  and,  by  the  12th  century,  was 
only  to  be  met  with,  according  to  Giraldus  de  Barri,  in  one 
river  in  Wales,  and  another  in  Scotland.  If  we  may  credit 
Boece,  they  were  found  in  plenty,  even  so  late  as  the  1 6th 
century.  It  was  termed  Llosdiydan  by  the  Welch,  in  the 
9tb  century,  and,  in  the  Highlands  of  Scotland  its  Erse  name, 
laosleathan,  still  holds  a  place  in  the  vocabulary  of  the  Gael. 
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Jkjnooff^the  dgzioiis  animals  which  have  been  extirpated 
by  the  ^orts  of  the  hunter,  we  may  enumerate  the  Wolf  and 
the  Bear*  The  Wolf  continued  in  Ireland  to  maintain  its 
ground,  so  iate  as  the  beginning  of  the  18th  century  (1710), 
tnou^h  it  had  been  extirpated  in  Scotland  thirty  years  before, 
and  ID  England  at  a  much  earlier  period.  The  Bear^  which 
b  Wales  was  regarded  as  a  beast  of  the  chace,  equal  to  the 
hare  or  the  boar  {Rmf.  Sfftu  Quad.  p.  314.),  only  perished,  as 
a  native  of  Scotland,  in  the  year  1057. 

To  this  extensive  catalogue  we  might  have  added  another, 
the  Antelope,  the  remains  of  which,  along  with  the  bones  of 
deer,  boars,  and  beavers,  w^re  found  in  a  peat-bog  at  New- 
bury, Berkshire^-^PAii.  Tran.  1 757,  p.  11 S.  .  But  there  is  no 
accompanying  description,  indicating  to  which  of  the  two  Eu- 
ropean species  (A.  Rupicapra  or  Siaga)  it  belonged. 

From  the  preceding  statements,  we  seem  wan*anted  to  con- 
clude, that  the  progress  of  society  is  exerting,  and  has  exert- 
ed, a  powerful  influence  on  the  geographical  distribution  of 
British  animals.  A  few  species,  which  formerly  roamed 
through  the  woods,  in  freedom,  have  been  reclaimed  from  a 
savage  state,  as  the  horse,  the  ox,  and  the  boar.  Others 
have  been  so  persecuted  by  the  sportsman,  or  disturbed  by 
the  fermer,  that  they  h^ve  been  compelled  to  retire  to  the 
more  uncultivated  and  inaccessible  districts,  as  a  temporary 
asylum  from  their  foes.  While  a  third  class,  furnished  with 
fewer  resources,  and  exposed  to  a  severe  persecution,  have 
perished  from  off  the  land. 

The  same  effects  appear  to  result  from  the  progress  of  so- 
ciety throughout  Europe,  and,  we  may  add,  throughout  the 
whole  earth*  The  animals,  which  in  this  country  nave  Been 
ikiven  to  a  comer,  are,  on  the  Continent,  experiencing  similar 
encroachments  on  their  haunts.  The  animals  which  society, 
ia  this  country,  has  succeeded  in  extirpating,  have,  in  like 
manner,  been  banished  from  many  districts  on  the  Conti- 
nents,* and  are  daily  becoming  scarcer  in  those  places  where 
they  yet  maintain  themselves. 

These  changes  have  all  taken  place  in  the  course  of  the 
last  six  or  eight  centuries.  In  the  ages  which  have  preceded, 
the  same  causes  must  have  been  in  more  or  less  active  opera- 
tion, and  tbo  chasms  produced  in  our  Fauna,  in  consequence, 
nsay  have  been  much  more  extensive,  than,  without  due  con- 
sideration, me  are  disposed  to  admit.  But  on  this  subject, 
the  documents  of  history  are  unavailing,  and  the  voice  ot  tra- 
dition is  silent*    Nor  need  this  excite  our  astonishment.    The 
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objects  now  interesting  to  us,  from  their  scarcity,  must  have 
been  uninteresting  to  the  early  inhabitants  of  this  country, 
from  an  opposite  cause.  Ana  the  changes  which  we  are  so 
eager  to  investigate,  would,  from  their  being  gradual,  fSeiil  to 
arrest  the  attention  of  savage  tribes.  Fortunately,  however, 
the  silence  of  history,  though  sufficiently  annoyins,  need  not 
prevent  us  from  conducting  our  researches  into  the  changes 
oi'  remoter  times*  Memorials  remain,  as  unequivocal  as  those 
of  history,  attesting  the  revolutions  which  certain  species  of 
animals  have  experienced,  once  the  cotemporaries  of  man, 
and  the  lower  animals  still  his  companions  on  the  earth. 

In  our  PeaUBogs^  we  find  the  remains  of  those  ancient 
forests,  with  which  the  country  was  clothed,  even  to  a  com- 
paratively recent  period,  and  in  the  marl  beds  which  occur 
below,  are  preserved  the  memorials  of  those  various  animals 
to  which  these  woods  afforded  shelter  and  nourishment.  In 
these  marl  beds,  the  recent  formation  of  which  is  not  disputed 
by  any  class  of  geologists,  are  occasionally  found  the  oones 
OI  the  horse,  ox,  deer,  boar,  and  beaver,  in  company  with  the 
shells  of  those  moluscous  animals  which  are  yet  to  be  met 
with  in.  almost  every  pool.  Among  these  remains,  some  of 
the  bones  seem  to  have  belonged  to  larger  individuals  than 
are  to  be  met  with  among  those  varieties  of  the  species  which 
are  known  at  present.  This  remark  is  particularly  applica- 
ble to  the  skulls  of  the  ox,  and  the  horns  of  the  stag,  which 
frequently  occur. 

Were  these  skeletons  the  only  memorials  of  the  former  in- 
habitants of  the  country,  they  would  add  nothing  to  the  docu- 
ments furnished  by  history.  Their  accompaniments,  how- 
ever, are  of  the  most  interesting  kind.  If  ever  other  quadru- 
peds existed,  and  were  extirpated  by  the  chase,  we  may 
expect  to  find  their  relics  in  those  very  beds  which  have 

E reserved  to  us  the  remains  of  such  as  history  intimates  to 
ave  been  once  indigenous.  This  circumstance  would  con- 
stitute the  connecting  link  between  the  known  and  the  un- 
known— the  fabulous  and  heroic  ages-^the  transition  from 
the  flint-pointed  javelin  and  stone-hatchet,  to  the  sword,  the 
spear,  and  the  musket 

In  the  marl  bogs  of  Ireland  and  England,  as  well  as  o^f 
several  places  on  the  Continent  of  Europe,  the  remains  of  a 
species  of  Elk  are  found  occasionally.  This  species  19  not 
known  at  [H^esent,  in  any  country,  in  a  recent  state.    It  re- 
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tfembles  somewhat  the  American  elk,  but  seems  possessed  of 
characters  intimattng  a  speciBc  diflference  * 

A  specimen  of  the  horn  of  the  fossil  Rhinoceros^  found  in 
one  of  the  marl  pits  at  the  loch  of  Forfar,  {Wern.  Mem.  vol. 
iv.  p.  582.)  exists  at  present  in  the  Edinburgh  Museum  ;  and 
we  have  been  informed  by  Professor  Jameson,  that  two  other 
examples  have  occurred  in  Blair-Drummond  moss,  on  the 
banks  of  the  Forth.  It  is  to  be  hoped  that  the  skults  will  yet 
be  procured. 

A  Hippopotamus  is  likewise  recorded  by  Lee,  in  his  Natural 
History  of  Lancashire,  as  having  been  found  under  a  peat-bog 
in  that  country* 

These  animals,  formerly  inhabitants  of  this  country,  have 
their  remains  preserved,  not  only  in  peat-bogs  and  marl  beds, 
(deposits  which,  from  the  commencement  of  their  formation 
to  the  present  time,  have  experienced  no  remarkable  geolo^- 
cal  change,  and  indicate  the  absence  of  any  physical  revolu- 
tion which  could  occasion  the  death  of  the  individuals  now 
represented  by  these  bones,)  but  likewise  in  the  sUt  of  our 
great  rivers.  In  the  valley  of  the  Thames,  for  example,  they 
occur  in  the  regular  stratified  clay,  sand,  gravel,  and  peat.  In 
Mr  Trimmer's  account  of  these  remains,  as  they  occur  at 
Brentford,  he  enumerates  the  following  animals,  {Phil.  Trans. 
18 1 3,  p.  133.)  :  hippopotamus  in  great  plenty  ;  two  kinds  of 
deer ;  two  kinds  of  elephant ;  the  ox  ;  together  with  land  and 
fresh  water  shells. 

In  the  loose  strata  of  sand,  gravel,  and  clay,  the  remains  of 
quadrupeds,  such  as  have  already  been  mentioned,  occur  in 
abundance.  The  Irish  Elk  has  been  found  in  such  circum- 
stances at  Walton,  in  Essex.  In  many  districts  of  England, 
the  remains  of  the  mammoth,  rhinoceros,  horse,  ox,  deer,  hip- 
popotamus, and  hysena,  have  been  detected.  In  Scotland, 
two  examples  of  the  elephant  have  occurred  ;  the  first  was 
found  at  Greenhill  sandstone  quarry,  near  the  Water  of  Car- 
mel,  in  the  parish  of  Kilmaurs,  Ayrshire,  in  January  1817. 
Two  tusks  and  some  small  bones  were  found  17^  feet  below 
the  surface,  imbedded  in  clay.f  The  substance  of  the  bed, 
at  a  distance  from  the  remains,  was  of  a  light  brown  colour, 

*  A  nearly  complete  and  splendid  specimen  of  the  skeleton  of  this  species 
IS  preserved  in  the  Colleee  Museum  of  Edinburgh. — Edit. 

t  A  portion  of  one  of  the  tusks  is  preserved  in  the  Edinbttr{;h  Miiseaipi ; 
the  other  is  in  the  possession  of  the  Earl  of  Egiinton, 
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but  ia  its  iinmediate  neighbourhood  it  was  of  a  daric  brown 
colour,  and  emitted  a  most  offensive  smell,  (JIfem*  Wem*  ISoe» 
vol.  IF.  p.  64.).  It  has  been  stated,  that  several  nuirine  shells 
were  found  along  with  these  relics,  in  the  dark  coloured  earth  f 
but  the  names  of  the  species  have  not  been  mentioned,  nor 
any  specimens  produced  to  justify  the  assertion.  The  second 
instance  occurred  to  the  workmen  in  digging  the  Union  Canal. 
At  the  west  park  of  the  estate  of  CliftonhaU,  in  the  county  of 
Edinburgh,  on  the  I8th  of  July  1820^,  a  large  tusk  was  found 
in  a  thick  bed  of  clay,  15  or  20  feet  bek)w  the  surface,  (lb* 
p.  60.)  In  the  same  kind  of  clay  or  till^  as  it  is  provincially 
called,  and  at  no  great  distance,  viz.  on  the  estate  of  Bonniog- 
ton,  Edinburghshire,  the  workmen,  in  excavating  the  canal, 
found  a  copper  battle-axe,  {Edin.  Phil.  Journ,  vol.  vi.  p.  357.) 
It  was  imbedded  four  feet  deep  in  the  bed  of  clay,  which  was 
covered  with  seven  feet  of  sand  and  nine  of  moss.^ 

The  strata  in  which  these  relics  have  occurred,  are  termed 
by  Mr  Bald  **  Old  alluvial  cover,''  and  by  many  English  min- 
eralogists ^'  Diluvium,"  in  the  belief  that  it  was  formed  at  the 
universal  deluge.  The  proofs,  however,  of  the  propriety  of 
th^  latter  term,  and  of  the  hypothesis  with  which  it  is  connect- 
ed, have  ever  appeared  to  me  extremely  faulty.  The  partial 
occurrence  of  these  strata,  their  limited  extent,  great  difference 
of  character  in  neighbouring  districts,  the  presence  of  the  re- 
ihains  of  terrestrial  animals,  and  the  absence  of  marine  exuviae, 
demonstrate  that  a  *'  universar^  flood,  possessing  the  velocity 
which  some  have  assigned  to  it,  had  no  share  in  this  forma- 
tion. The  phenomena  which  they  exhibit,  indicate  a  cause, 
partial,  sudden,  and  transient,  like  the  bursting  of  a  lake.  It 
is  true,  that  many  mineralogists  assign  to  the  waters  of  Noah's 
flood,  a  progressive  motion  in  one  direction  (differing  in  char- 
acter from  tides),  sufficient  to  tear  in  pieces  beds  of  granite, 
excavate  deep  valleys,  and  deposite  the  spoils  of  the  rocks  of 
Labrador  or  Norway  on  the  plains  of  England.  They,  how- 
ever, admit,  that  it  so  far  respected  British  productions,  as 
neither  to  have  floated  into  the  Atlantic  the  quadrupeds  which 
it  drowned,  nor  the  boulders  of  chalk  which  it  produced,  hut 
permitted  them  to  remain  in  the  neighbourhood  of  the  place 
of  their  birth.  The  direction  of  this  impetuous  current,  so 
widely  different  in  charactcfr  from  that  which  Moses  assigns  to 
the  flood,  is  imagined  by  some  to  have  been  from  the  noith, 

•  Wc  question  the  accuracy  of  the  staiement  referred  to  In  the  text. — EDIT^^ 
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or,  by  others,  from  the  west,  or  from  the  south,  just  as  their 
preconceived  notions  dictated,  and  iu  the  absence  of  all  re- 
spect for  the  valuable  Linnean  rule,  ^^  The  genus  should  fur- 
nish the  <;haracter,  not  the  character  the  genus."* 
^  The  relics  of  the  animals  which  we  have  now  been  consid- 
ering, are  not  confined  to  beds  of  marl  or  clay,  but  occur  in 
fissures  and  caves  in  rocks.  In  the  celebrated  Cave  of  Kirk- 
dale  in  Yorkshire,  the  bones  of  a  species  of  hyena,  of  tiger, 
bear,  wolf,  fox,  weasel,  elephant,  rhinoceros,  hippopotamus, 
and  horse,  two  species  of  oxen,  three  species  of  deer,  a  spe- 
cies of  hare,  rabbit,  water-rat,  mouse,  raven,  pigeon,  lark,  duck, 
and  snipe,  have  been  identified.  These  relics  were  ioftbedded 
in  soft  mud,  and  corered  with,  calcareous  stalagmites*  The 
occurrence  of  the  bones  of  hyaenas  in  great  profusion  in  this 
«aTe,  their  excrement,  the  marks  of  their  teeth  on  the  other 
bones,  left  in  small  angular  fragments,  have  led  Professor 
Buckknd,  in  his  interesting  work,  '^  Rdiqtue  DUuvianaj*^  to 
conclude,  that  the  cave  had  long  been  occupied  as  a  den  by  this 
animal,  which  had  carried  into  it  the  remains  of  its  prey.  The 
valtmble  notices  which  Dr  Knox  gives  (  Wem.  Mem,  iv.  385.) 
of  the  habits  of  the  Cape  hyaena,  in  wiiich  he  states,  that  the 
species  never  carries  off  the  bon^s  or  carcases  it  preys  on,  in- 
to dens,  have  been  supposed  to  be  hostile  to  the  conclusion 
to  which  we  have  referred.  The  objection  would  be  for- 
midable, if  it  applied  to  the  individuaU  of  a  species^  but  is 
without  force  in  reference  to  the  species  of  a  genus.  .Our 
knowledge  of  the  habits  of  the  hare  would  not  quaUfy  us  for 
speculating  safely  concerning  those  of  the  rabbit,  and  the  same 
remark  applies  to  the  raven  and  rook, — ^tbe  swallow  and  sand- 
martin.  Each  species  possesses  peculiar  habits,  and  is  influ- 
enced in  its  physical  distribution  by  peculiar  laws.  The  Kirk- 
dale  hyaena  is  a  different  species  from  those  of  Africa,  and  is 
now  extinct.  It  may  have  had  different  habits  ;  its  physical 
distribution  has  been  different.  The  dispersion  of  its  remains 
throughout  Europe,  proves  the  latter ;  the  appearances  of  the 
Kirkdale  Cave,  intimate  the  former.f 

*  It  has  been  stated  that  Werner  advocated  the  geohgieal  diluvian  hypoihe' 
sis.  This  we  know  was  not  the  case.  On  the  contrary,  his  opinion  was 
nearly  the  same  as  that  stated  in  the  text  by  Dr  Fleming.  With  eqiial  accu- 
racy it  has  been  said  that  Mobs  was  of  the  same  opinion. — Edit.     _  '"* 

t  Mr  Goldfuss,  in  an  article  on  the  fossil  Hon  and  tiger,  adduces  a"  remark- 
able passage  of  a  German  poem  of  the  thirteenth  century,  entitled  JV¥e6'e/tm- 
gerif  in  which  a  great  hunt  is  described,  where,  and  independently  of  the'efAi 
the  btsoHf  the  urusy  the  stag,  the  boar,  the  heatf  mention  is  made  of  a  lion,  iiivl 
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In  the  Cave  of  Hutton,  in  (he  Mendip  Hills,  connected  with 
an  open  fissure,  the  remains  of  the  elephant,  horse,  oxen,  two 
species  of  deer,  skeleton  of  a  fox  nearly  complete,  targe  bear, 
and  hog,  have  been  discovered.  In  the  caves  at  Plymouth, 
the  skeleton  and  bones  of  all  the  animals  already  mentioned, 
have  occurred,  and  in  such  circumstances  as  to  indicate  that 
they  had  been  washed  out  of  an  open  fissure  by  some  land* 
flood,  and  deposited  in  confusion  in  the  neighbouring  caverns. 

Professor  Buckland,  in  his  speculations  c^cecning  the  an- 
tiquity of  those  bones  found  in  fissures,  and  Averns  connected 
with  them,  conceives  them  to  have  been  drifl^ed  into  their  pres- 
ent position  by  the  waters  of  Noah's  flood  ; '  th^t  th^  mud  by 
which  they  are  surrounded  was  a  deposite  from  these  waters ; 
and  that  the  stalagmite,  covering  the  whole,  is  post-diluvian  or 
recent.  Several  obvious  circumstances  render  such  an  opin- 
ion untenable,  among  which  one  may  be  noticed,  which  occur- 
red to  the  author  himself.  In  the  eave  of  Wokely  Hole  near 
Wells,  at  the  southwest  base  of  the'Mendip  Hills,  bones  and 
teeth  of  human  subjects  have  been  found,  together  with  a  frag- 
ment of  a  sepulchral  urn.  The  mud  was  here  present,  as  well 
as  the  stalagmite,  but  the  mud  is  declared  to  be  "evidently  fluvi- 
atile  and  not  dituvian,"  atid  the  bones  "  are  very  old,  but  not 
ante-diluvian."  It  appears  that  a  subterranean  river  runs 
through  the  cave,  which  may  have  deposited  the  mud  during 
its  highest  floods.  But  why  may  not  the  mu(l  in  the  Kirkdaie 
Cave  have  been  deposited  by  a  similar  agent  ?  According  to 
the  statements  of  the  Rev.  Geo.  Young  ( fVem.  Mem.  iv.  p. 
264.),  "  it  is  not  a  mere  fissure  in  the  rock,  as  is  evident  from 
the  want  of  correspondence  between  the  opposite  sides,  and 
from  the  existence  of  a  number  of  rounded  hollows  or  depres- 
sions, appearing  in  the  sides,  the  floor,  and  even  the  roof ;  re- 
sembling such  water-worn  hollows  as  we  see  in  rocks,  in  the 
beds  of  rivers,  or  on  the  shores  of  the  ocean.*^ 

of  two  animals,  of  which  the  one  is  named  tehelehy  and  the  other  the  halb- 
ttolft  a  term  which  signifies  half-wolf.  The  schelch  occurring  in  the  same 
strophe  with  (h«  elk,  the  bison,  the  urns,  and  the  stag,  all  of  them  large  rumi- 
nating animals,  M.  Goldfuss  supposes  the  poet  had  in  view  the  great  elk 
(Cervtu  giga7iieut)y  which  be  thinks  might  also  have  been  the  animal  of  the 
Hercynian  Forest  Indicated  by  Caesar  (Bell.  Gall.  lib.  vi.  c.  xxvi.)  under  the 
name  of  6u//,  with  thejif^re  of  a  stag^  of  which  tht  malt  and  female  carried  on 
the  forehead  a  single  korn,  divided  into  hranehei  like  a  hand.  With  regard  to 
the  halbwolf  this  naturalist  is  of  opinion  that  the  hyena  is  meant  by  it,  not 
that  he  believes  that  at  the  time  of  the  Mebtlungen  these  animals  still  existed 
in  Germany,  but  he  supposes  that  the  poet  had  learnt  its  former  existence 
from  tradition.  This  statement  we  consider  to  be  interesting  as  tending  to 
Jiippojt  the  view  given  by  Dr  Fleming  in  bis  able  memoir.— Edit. 
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In  a  cave,  likewise,  in  the  Mendip  Hills,  at  Compton  Bishop, 
{Reliqum  DUuviana^  p.  166)9  numerous  bones  of  foxes  were 
found,  and  fifteen  skulls  extracted.  In  an  open  fissure  at 
Duncoinbe  Park,  (/6.  p.  54.),  the  bones  of  dogs,  sheep,  deer, 
goats,  and  hogs,  have  likewise  been  found  lodged. 

In  addition  to  these  facts,  it  may  be  added,  that  in  the  fisr 
sure  of  the  gypsum  at  Koetritz,  in  Germany,  described  by 
Baron  Schlotheim.  a  translation  of.  whose  paper  on  the  sub- 
ject has  appeared  in  ihe  Annals  of  Philosophy^  vol.  xxi.  p.  17., 
the  remains  of  man,  and  several  recent  European  quadrupeds, 
and  even  the  domestic  cock,  occur  along  with  the  remains  of 
the  extinct  rhinoceros,  hysna,  tiger,  be.  ^'  In  Winter's  gyp- 
sura  quarry,  human  bones  were  discovered*,  at  the  depth  of 
26  feet  from  the  surface,  lying  8  feet  below  the  bones  of  the 
rhinoceros^  there  also  deposited."* 


In  the  preceding  statements,  we  witness  British  animals,  in 
reference  to  the  changes  to  which  they  are  subject,  capable  of 
being  arranged  into  three  classes, — ^tbe  first  including  those 
species,  the  individuals  of  which  are  daily  becoming  scarcer, 
in  consequence  of  the  agency  of  man, — the  second,  those  which 
man  has  succeeded  in  extirpating,  but  which  still  find  an  asy- 
*  lum  in  the  more  thinly  peopled  or  less  cultivated  districts  of 
Europe, — ^while  the  third  embraces  those,  which,  though  once 
natives  of  Britain  and  Europe,  have  ceased  to  exist  in  a  living 
state  on  the  earth.  As  connected  with  Britain,  we  may  enu- 
merate in  the  last  class  the  elephant,  rhinoceros,  hippopota- 
mus, hyaena,  cave-bear,  tyger,  and  elk.  To  what  cause,  then, 
are  we  to  assign  the  extinction  of  these  animals  :  To  the  ex- 
tirpating effects  of  civilization,  or  to  physical  revolutions,  over 
.which  man  had  no  controul  ? 

.  In  order  to  solve  this  important  problem,  it  is  necessary  to 
keep  steadily  in  view  the  following  conditions,  w^hich  have  been 
determined : 

1    The  remains  of  these  extinct  animals  occur  in  company 
with  those  which  have  been  destroyed  or  extirpated  by  human 

*  The  hamnn  bones  found  at  Kostrit^,  aecordinfrio  later  accounts,  are  said 
10  occur,  not  in  the  rejrnlar  alluvial  deposite  containing  remains  of  elephants, 
&£c.,  but  in  an  irregular  and  accidental,  deposite  of  a  comparatively  modern 
'date.  Thifi  l)eirio;  the  case,  we  do  not  yet  possess  any  authentic  instance  of 
human  remains  occiiniiig  10  tliose  beds  that  contain  bones  of  elephants, 
rhinoceroses,  iic. — KruT. 
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agency,  and  wiUi  such  as  still  surrire,  and  seem  suited  to  the 
climate.  Thus,  the  bones  of  the  extinct  elephant,  rhinoceros, 
and  cave-bear,  occur  along  with  those  of  the  common  hear, 
the  wolf,  the  fox,  and  the  horse. 

2.  The  remains  of  these  extinct  animals  are  not  found  in 
any  situation,  such  as  caves,  fissures,  gravel  and  clay^beds, 
peat  or  marl,  in  which  the  relics  of  existing  animals  nmy  not 
be  placed,  and  have  not  been  found. 

3.  The  remains  of  extinct  animals  occur  in  situations,  in- 
dicating the  action  of  causes  at  the  period  of  their  burial,  not 
now  frequently  in  operation,  as  in  thick  beds  of  cUy  or  grafiel ; 
and  they  likewise  are  found  under  circumstances,  which  prove, 
that  no  remarkable  physical  change  was  taking  place  at  the 
time,  nor  has  taken  place  at  any  subsequent  period— as  in  beds 
of  peat  and  marl.  The  same  remark  is  equally  applicable  to 
the  remains  of  recent  and  extirpated  animals. 

4.  The  extinct  species  have  had  a  geographical  distribution 
in  Europe,  similar  to  the  recent  and  extirpated  kinds  with 
which  their  remains  are  intermingled.  In  considering  the  geo- 
graphical distribution  of  animals  preparatory  to  the  investiga- 
tion of  their  physical  distribution,  we  should  ever  bear  in  mind 
the  great  changes  man  may  have  occasioned  in  the  former. 
This  will  induce  us  to  attach  suitable  importance  to  their  fossil 
relics,  as  tlie  indication  of  the  extent  of  their  former  disper- 
sion. But,  when  we  find  a  great  difTerence  prevailing  in  phys- 
ical distribution,  between  two  animals  referred  to  the  same 
species,  as  the  Siberian  rhinoceros,  and  the  recent  African 
one,  the  skull  of  which  was  brought  home  by  Mr  Campbell, 
we  should  not  infer  identity  but  from  close  and  extensive  re- 
semblances of  structure. 

5.  The  remains  of  these  extinct  animals  occur  only  in  the 
superficial  strata,  and  in  fresh-water  gravel  or  clay,  and  may 
be  viewed  as  connected  with  the  last  or  modern  epoch  of  the 
earth's  history. 

6.  Man  was  an  inhabitant  of  this  country  at  the  time  these 
animals,  now  extinct,  flourished,  his  bones  and  his  instrumenta 
having  been  found  in  similar  situations  with  their  remains. 

The  natural  history  of  these  remains  of  extinct  animals,  de- 
monstrates that  opinion  to  be  erroneous,  which  considers  the 
deluge  as  having  drowned  these  animals,  while  it  formed  the 
beds  of  gravel,  clay  and  loam,  in  which  they  are  now  imbed- 
ded.    If  it  drowned  the  hippopotamus,  bow  did  the  ox  and  the 
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boTM  escape  ?  Why  this  partial  selection  of  its  victims  among 
the  ancient  inhabitants  of  the  conntry  f  Professor  Buckland, 
who  has  defended  the  opinion  which  ascribes  the  extinction  of 
these  animals  to  the  deluge,  classifies  the  alluvial  strata  into 
such  as  are  diluvian,  and  such  as  are  post-diluvian.  But  these 
organic  remains  occur,  not  only  in  the  so-called  dihvian  clay, 
but  in  the  acknowledged  post-diluvian  marl ;  and  this  flood, 
iastead  of  consigning  indiscriminately  to  a  watery  grave  all 
ihe  quadrupeds  of  Britain,  selected  as  the  objects  of  its  de- 
struction only  such  as  in  all  ages  must  have  been  most  eager- 
ly sought  after  by  the  huntsman,  and  such  as  his  efforts  would, 
long  before  this  period,  have  annihilated. 

The  whole  circumstances  of  the  case  lead  apparently  to  the 
conclusion,  that  the  weapons  of  the  huntsman  completed  the 
extinction  of  these  animals,  from  the  first  ages  the  object  of 
bis  persecution ;  though  we  can  feel  no  hesitation  in  admit- 
ting, that  murrains,  severe  seasons,  and  local  inundations,  may 
have  accelerated  their  ruin.*  The  destructive  influence  of 
these  circumstances,  must,  indeed,  in  all  ages,  have  operated 
in  checking  the  extension  of  particular  species ;  nor  has  man 
himself  been  exempt  from  their  ravages.  But  as  his  resources 
multiply  with  the  progress  of  society,  while  those  animals 
against  which  he  contends,  become  more  exposed  to  his  at- 
tacks, man  has  outlived  these  changes,  along  with  those  brute 
cotemporaties  which  have  not  been  the  special  object  of  his 
persecution. 


The  preceding  remarks,  offered  on  a  very  interesting  de- 
partment of  the  natural  history  of  the  earth,  may  serve  to  point 
out  the  rashness  of  those  attempts  which  have  been  made  to 
unite  the  speculations  of  geologists  with  the  truths  of  Revela- 
tion. Without  controversy,  the  works  and  the  words  of  God 
must  give  consistent  indications  of  his  government,  provided 
they  be  interpreted  truly.  The  talent,  sagacity,  learning,  and 
industry,  occupied  for  ages  with  the  Book  of  Revelation,  have 
produced  a  mass  of  evidence,  by  which  its  moral  authority  has 

*  Professor  Link,  without  attempting  any  explanation  of  the  manner  in 
which  the  quadrupeds,  whose  remains  are  found  in  alluvial  strata,  have  dis- 
appeared from  off  the  face  of  the  earth,  maintains  that  we  have  no  geologi- 
cal evidence  for  their  destruction  by  a  great  flood,  for  he  remarks,  '*  We  find 
remains  of  these  extinct  species  in  the  same  beds  as  those  enclosing  bones  ol 
living  i«pecies  ;  therefore,  If  the  one  set  were  destroyed  by  a  uiiivcrsa)  deluge* 
the  others  must  have  suffered  at  the  same  period.— Ki> it. 
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been  established.  But,  unfortunately  for  the  interpretecs  of 
the  Book  of  Nature,  they  have  been  few  in  number,  their  Geld 
of  observation  too  limited,  and  their  prejudices^ too  obvious,  to 
permit  any  high  value  to  be  attached  to  their  theoretical. de- 
ductions \  as  the  history  of  mineralogical  science  in  Britain 
for  the  last  twelve  years  abundantly  testifies.  It  would  be 
favourable  to  the  progress  of  geology,  were  its  cultivators  more 
disposed  to  examine  the  structure  of  the  earth,  and  the  laws 
which  regulate  the  physical  distribution  of  its  inhabitants, 
and  less  anxious  to  give  currency  to  their  conjectures,  by  en- 
deavouring to  identify  them  with  deservedly  popular  truths. 
It  would  be  equally  favourable  to  the  interests  of  Revelation^ 
were  the  believer  to  reject  such  faithless  auxiliaries,  and,  in- 
stead of  exhibiting  a  morbid  earnestness  to  derive  support  to 
his  creed  from  sciences  but  remotely  connected  with  his  views, 
calmly  to  consider,  that  Geology  never  can,  from  its  very  na- 
ture, add  the  weight  of  a  feather  to  the  moral  star^dard  which 
he  has  embraced,  or  the  anticipations  of  eternity  in  which  he 
indulges,  even  should  he  fancy  that  it  has  succeeded  in  dis- 
closing the  dens  of  antediluvian  hyspas,  in  exhibiting  the  skele- 
ton of  a  rhinoceros  drowned  in  the  flood,  or  in  discovering  the 
decayed  timbers  of  the  ark.  This  indiscreet  union  of  Geolo- 
gy and  Revelation  can  scarcely  fail  to  verify  the  censure  of 
Bacon,  by  producing  '*  PhUosophia  phaniaitkaf  Religio  A«- 
retica.^ 

Maitsc  or  Flisk,  > 

19(h  JuLT,  1824.  i 


Art.  XXXI II. — On  Plumhago^  or  Carburet  of  Iron^  toith  an 
Account  of  the  Mine  at  Borrowdale*  By  Samuel  Parkes, 
F.  L.  S.  &c.     [Chem.  Essays.] 

Plumbago.,  usually  known  by  the  very  improper  name  of 
black-lead,  occurs  in  some  particular  spots  in  most  countries 
in  the  world.  It  is  well  known  as  the  article  of  which  pencils 
are  made,*  and  is  found  in  various  situations,  such  as  in  the 

*  From  a  remark  of  Sir  John  Fettus,  I  imagine  black-lead  pencils  have 
not  been  in  use  more  than  150  or  160  years.  **  Of  late"  says  be,  s|)eaking 
of  black-lead,  "it  Is'cariously  formed  into  cases  of  deal,  or  cedar,  and  so 
sold  as  dry  pencils,  something  more  asefuJ  than  pea  and  ink."  Sir  Jo)in 
Pettus's  FUta  Minor,  folio,  London,  166^  article  Lead. 
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midst  of  mountains,  id  beds  of  quartz,  and  in  masses  of  calca* 
reous  earth.  It  generally  occurs  in  kidney-form  lumps  of  va^ 
rious  dimensions  from  the  size  of  a  pea  to  pieces  of  some  con- 
siderable weight.  lis  specific  gra\  ity  is  about  twice  that  of 
water;  though  Dr  Freind  states  it  to  be  only  1.714,  and  Boyle 
1.860.  When  pure,  it  consists  of  about  ninety-five  parts 
carbon  and  five  of  iron.  Hence,  as  might  be  expected,  it 
is  as  incombustible  and  indestructible  as  charcoal,  unless 
heated  with  atmospheric  air;*  there  is,  however,  consid^ 
erable  difficulty  attending  the  analysis  of  this  mineral,  from 
certain  causes  which  have  been  pointed  out  by  Mr  Brande.t 
Some  kinds  of  plumbago  are  very  impure.    Vauquelin  has 

K'ven  the  analysis  of  a  French  specimen  which  contained  on- 
^'  33  per  cent,  of  carbon,  3  of  iron,  38  of  silica,  and  37  of 
alumina. 

To  the  modem  methods  of  analysis  we  are  entirely  indebt- 
ed for  a  knowledge  of  the  nature  of  this  substance.  Camden, 
our  celebrated  historian,  calls  it  ^  a  metallic  earth,  or  hard 
glittering  stone,  used  by  painters  to  draw  with.  Whether,*^ 
says  he,  ^^  it  be  pnigiHs  or  melanieria  of  Dioscorides,  or  ochre 
burnt  black  by  the  heat  of  the 'earth,  I  cannot  determine.  % 

Boyle  calls  it  ^  a  mineral  mi  generis^  approaching  to  a 
talc,''  and  says  that  ^it  has  nothing  metallic  in  its  nature."  || 
The  ingenious  Scheele  w'as  the  first  person  who  pointed  out 
the  real  nature  of  this  mineral.  He  showed  that  by  burning 
it  in  a  peculiar  manner  it  mi^ht  all  be  converted  into  carbonic 
acid  gas,  except  a  small  residuum,  which  he  found  to  be.iron.§ 

The  finest  plumbago  that  has  ever  been  discovered  is  pro- 
cured from  a  mine  at  Borrowdale,  about  six  miles  from  Kes- 
wick, and  in  the  neighbourhood  of  the  lofty  mountain  of  Skid*' 
daw,  in  the  county  of  Cumberland.  I  know  of  no  other  mine 
which  produces  this  mineral  in  a  state  fit  for  making  good 
black-lead  pencils :  it  is  on  account  of  its  excellency  there- 
fore exported  to  all  parts  of  the  world.T  The  superior  qualw 
iy  of  this  article  is  indeed  so  generally  allowed,  that  on  the 


*  It  is  this  property  whicb  renders  pIumlMgo  one  of  the  best  sobstaaces  ia 
natare  for  the  faorication  of  those  cmcibleB  which  are  designed  to  resist  the 
most  ijitense  heat. 

t  Brando's  Manuai,  vol.  ii.  p  121. 

t  Gough's  edition  of  Camden's  BriUumiat  folio,  vol.  iii.  p.  170. 

H  Bovle's  Works,  vol.  v.. p.  87. 

§  Schee1e*8  Chemieal  Euay$,  p.  248. 

lr  Aceording  to.Dr  Campbell,  this  mineral  is  used  with  great  taccessl^ 
dyers  in  fixing  bloe  coloars,  vol.  ii.  p.  88. 

VOL.  Il.«-N0.  4.  43 
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continent  the  pencils  made  with  it  are  calied  croyoni  d^AngU" 
itrrt. 

Plumbago  has  within  these  few  years  been  found  of  toler* 
ably  good  quality,  and  in  very  considerable  quantities,  in  an  es- 
tate lying  about  seven  or  eight  miles  north  of  the  town  of  Ayr 
in  North  Britain.  In  some  parts  of  that  neighborhood  it  occurs 
at  the  surface  of  the  ground.  It  has  been  discovered  also  at 
a  considei^ble  depth  at  the  foot  of  the  mountains  in  the  island 
of  Ceylon.* 

Dr  Campbell,  in  his  Political  Survey  of  Great  Britain, 
speaking  of  the  Borrowdale  mine,  says  that  this  mine  is  pri- 
vate property,  that  it  is  opened  but  once  in  seven  years,  and 
no  greater  quantity  than  is  equal  to  the  consumption  is  al- 
lowed to  be  sold.  At  the  mine  it  is  called  roadd,  and  those 
who  are  concerned  in  raising  it  suppose  it  to  be  impregnated 
with  lead  and  antimony.  Dr  Campbell  considei*ed  it  to  be  a 
mixture  of  talc  and  zinct  When  this  mineral  was  first  rais- 
ed, it  was  employed  for  marking  sheep.  It  was  afterwards 
used  in  medicine,  for  disorders  of  the  bowels,  and  in  nephritic 
complaints.| 

Although  the  mine  at  Borrowdale  may  alone  produce  plum- 
bago fit  for  making  the  best  sort  of  pencils,  tnere  are  ma- 
ny other  places  where  this  mineral  is  to  be  found,  and  suffi- 
aently  good  for  all  other  purposes.  At  present  it  is  applied 
chiefly  to  the  following  uses. 

It  is  employed  to  make  crayons  and  black-lead  pencils ;  to 
cover  the  best  sort  of  iron  castings  to  give  them  a  shining 
coat,  and  preserve  them  from  rust ;  to  give  a  polish  to  small 
leaden  shot ;  to  rub  on  the  cogs  of  wheels  and  other  machine- 
ry, in  order  to  diminish  friction,  and  impart  smoothness  and 
lubricity  to  the  parts  which  have  most  wear ;  to  mix  with  pot- 
ter's clay  for  the  production  of  some  particular  sorts  of  earth* 
em  ware ;  to  make  crucibles  and  other  utensils  which  are  to 
undergo  intense  heats ;  and,  when  kneaded  with  clay,  to  line 
all  sorts  of  portable  furnaces  which  are  designed  to  be  used 
in  the  reduction  of  ores  and  other  chemical  operations. 

The  natural  incombustibility  of  plumbago  peculiarly  fits  it 
for  other  purposes  to  which  it  has  not  yet  been  applied  in  this 
country ;  but  especially  for  the  covering  of  certain  parts  of 
wooden  buildings  to  preserve  them  from  accidents  by  fire. 

*  Cordiner's  Description  of  Ceylon,  4to.  1807,  vol.  i.  p.  13.    Kdox's  History 
of  Ceylon,  folio,  p.  31. 
t  Political  Survey  of  Great  Britain,  London,  1774,  4to,  vol.  ii.  p.  37. 
i  Pkilomphital  trantactionSf  No.  240,  p.  183. 
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It  is  lamentable  to  perceive  with  what  facility  and  success 
some  people  impose  upon  the  public.  Even  the  article  of 
plumbago  has  been  employed  for  purposes  of  quackery. 
The  following  is  the  substance  of  the  specification  of  a  pa- 
tent, dated  the  6th  of  June  1813,  for  what  the  f>atentee  calls 
his  ''^  Anti- Attrition  Paste."  It  is  merely  that  1  cwt.  of  plum- 
bago be  mixed  with  4  cwt.  of  pork-lard,  or  with  a  like  quan- 
tity of  suet,  or  of  some  one  of  the  other  articles  enumerated 
in  the  specification.*  Surely  this  patentee  could  not  be  igno- 
rant of  the  fact  that  such  a  mixture  had  long  been  used  for 
similar  purposes  prior  to  the  date  of  his  patent,  particularly 
in  many  of  the  manufacturing  counties.  In  order,  however^ 
to  expose  this  pretension  to  originality  the  more  efi*ectually,  the 
following  recipe  is  selected  from  a  printed  volume,  which  may 
be  had  of  any  of  the  principal  booksellers  in  London  or  else- 
where. "  Mix  one  pound  of  hog's  lard  with  half  a  pound  of 
black-lead;  stir  them  well  together,  whilst  melting  over  a 
slow  fire.  If  the  axles  and  bushes  of  the  wheels  be  true,  a 
carriage  may  safely  be  run  one  hundred  or  one  hundred  and 
fifty  miles,  with  once  using  the  above  composition.^'t 

dome  time  ago,  a  gentleman,  a  native  of  the  state  of  North 
Carolina,  informed  me  that  a  mine  of  black-lead  had  been  dis- 
covered In  the  neighbourhood  of  Raleigh,  one  of  the  cities  of 
that  state,  which  promises  to  be  of  very  considerable  conse- 
quence to  the  whole  of  North  America.  The  mineral  occurs 
in  large  solid  lumps,  and  the  mine  is  so  extensive  that  it  is 
thought  to  be  inexhaustible.  It  is  usually  sold  in  its  native 
state,  packed  in  barrels,  at  18^.  or  205.  per  cwt. 

This  native  carburet  of  iron  is  used  very  extensively  in  the 
state  of  North  Carolina  for  a  variety  of  purposes.  They 
grind  it  with  oil  for  painting  the  wooden  roofs  of  their  houses 
and  even  their  best  buildings.  It  is  found  to  answer  extreme- 
ly well  for  preserving  the  wood  from  decay,  and  for  keeping 
out  the  rain  ;  and  it  is  a  great  preservative  against  fire. 

In  America,  where  most  of  the  fires  are  made  with  wood, 
accidents  often  happen  from  the  circumstance  of  the  sparks 
setting  fire  to  the  wooden  roofs  of  their  houses,  and  occasion- 
ing dreadful  conflagrations ;  but  this  can  never  occur  to  those 
roofs  which  have  been  treated  in  this  way;  for  I  learn  that 
the  wooden  shindes,  which  have  been  painted  with  two  or 
three  coats  of  this  preparation,  have  been  purposely  exposed 


*  See  Tht  Relrotpeetj  No.  34  j  or  T/*e  Repertory  of  ArU^  No.  130. 
t  The  Famiiy  Receipt  Booky  Murray,  Londou,  1811,  p.  4i4» 
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to  the  full  heat  of  a  large  fire  for  a  considerable  time,  with- 
out their  sustaining  any  iiyurr. 

This  seems  rather  extraordinarv,  as  one  would  have  imag- 
ined that  the  oil  wouid  have  still  retained  its  combustible 
properties.  It  may,  however,  be  a  circumstance  well  worth 
the  investigation  of  those  who  have  it  in  their  power  to  pro- 
cure plumbago  at  a  cheaprate. 

On  a  journey  to  the  lakes  of  Westmoreland  and  Cumber^ 
land,  in  the  summer  of  the  year  1814,  I  heard  that  the  cele- 
brated mine  of  black-lead  in  Borrowdale  had  been  lately 
opened,  and  that  the  workmen  were  then  engaged  in  raising 
and  dressing  the  mineral.  Rejoiced  at  this  intelligence,  { im- 
mediately determined  not  to  lose  so  favourable  an  opportunity 
of  vbiting  this  curious  spot,  and  therefore  fixed  myself  at  Kes- 
wick, the  nearest  town  to  the  mine,  in  <Mrder  to  collect  the 
necessary  preliminary  information,  and  learn  how  to  procure 
the  most  intelligent  guide  which  the  neighbourhood  could  af- 
ford. In  travelling  from  the  north,  the  road  lies  thus  .—From 
Carlisle  to  Wigton  is  1 1  miles  ;  from  thence  to  Keswick  is  23 
miles ;  and  from  Keswick  to  the  mine  9  miles.  From  Kes- 
wick to  the  mine  saddle-horses  are  necessary,  as  some  of  the 
defiles  through  the  mountains  are  too  narrow  to  admit  the 
passing  of  a  carriage.  As  no  account  has  hitherto  been  given 
of  this  celebrated  mine,  where  black-lead  is  found  of  a  qualitv 
far  superior  to  what  is  known  in  any  other  part  of  the  worlds 
I  trust  the  following  particulars  will  not  be  uninteresting  to  my 
readers. 

The  neighbourhood  of  Keswick  has  for  ages  been  celebrated 
as  a  mining  country.  In  the  Ireign  of  Queen  Elizabeth,  gold 
and  silver  were  procured  in  considerable  quantity  from  the 
mountain  called  Gold-scarpe  in  the  vale  of  Newiands  near 
Keswick.  At  that  time  the  mine  was  worked  by  a  companv 
of  Germans,  who  raised  a  large  quanrity  of  copper  and  lead, 
and  not  only  converted  these  to  their  own  use,  but  also  laid 
claim  to  the  precious  metals,  in  opposition  to  the  Queen,  who 
demanded  them  as  well  as  the  usual  royalty.  However,  on 
an  appeal  to  common  law,  her  roajeMy  gained  the  point,  and 
the  forjeigners  soon  after  absconded. 

It  was  during  this  reign  that  the  very  valuable  mine  of 
black-lead  was  discovered.  The  inhabitants  of  the  neigh- 
bourhood say  that  this  rich  depository  was  first  brought  to 
light  by  a  tremendous  hurricane,  which  blew  up  a  large  ash- 
tree,  and  discovered  a  mass  of  fine  plumbago  at  its  root.  The 
mine  nojv  at  work  is  in  the  midst  of  a  mountain  which  chiefly 
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consists  of  slate  and  that  species  of  rock  called  grauwadce  ;  it 
is  about  2000  feet  high,  it  rises  at  an  angle,  as  near  as  1  could 

fuess,  of  45  d^rees,  and  is  situate  among  other  stupendous 
ills  in  a  district  known  by  the  name  of  BorromdoUe.  When 
the  value  of  this  mine  became  known,  the  proprietors  found 
it  very  difficult  to  guard  it  so  as  to  prevent  depredations* 
The  practice  of  robbing  it  was  become  so  common,  that  sev- 
eral persons  living  in  the  neighbourhood  were  said  to  have 
made  large  fortunes  by  secreting  and  selling  the  mineral : 
this,  however,  is  now  entirely  prevented  by  some  expedients 
hereafter  to  be  mentioned.  Even  a  guard  stationed  on  the 
spot  was  of  little  avail,  for  70  or  80  years  agp  a  body  of  mi- 
ners broke  into  the  mine  by  main  force,  and  held  the  pos- 
session of  it  in  spite  of  the  proprietors  themselves.  At  one 
time  the  depredations  had  arrived  to  such  a  pitch,  and  so 
great  was  the  quantity  which  had  been  stolen,  that  the  delin- 
quents were  actually  able  to  deprive  the  proprietors  of  their 
regular  customers,  by  lowering  the  price  of  tne  article  in  the 
London  market.  This  circumstance  so  annoyed  the  original 
company,  that  at  last  the^  thought  it  expedient  to  buy  up 
the  whole  stock  that  remained  in  the  hands  of  the  robbers, 
as  the  only  way  of  putting  an  end  to  the  competition.  It  is 
not  many  years  since  a  v^y  large  quantity  of  fine  black-lead 
was  found  on  Vicker's  Island,  situated  in  Derwent-water ;  and 
it  is  supposed  that  this  was  secreted  there  at  the  time  therol> 
bers  had  possession  of  the  mine  in  Borrowdale. 

It  has  been  already  mentioned  that  the  black-lead  mountain 
has  an  altitude  of  about  2000  feet ;  and.as  that  part  of  the  mine 
which  is  now  working  is  near  the  middle  of  the  mountain,  the 
present  entrance  is  about  1000  feet  from  its  summit.  There  are 
mdeed  two  entrances ;  a  small  one  by  which  the  workmen  de- 
scend by  means  of  a  flight  of  steps;  the  other  is  a  large  hori- 
zontal one  capable  of  admitting  hand-carts  and  wheel-barrows 
for  the  removal  of  the  rubbish  and  loose  earth  by  which  the 
black-lead  is  enveloped :  and  through  this  entrance  the  water 
passes  off  which  constantly  runs  through  the  mine. 

In  order  to  secure  the  vast  treasure  which  is  contained 
within  this  mountain,  the  proprietors  have  now  erected  a 
strong  brick  building,  consisting  of  four  rooms  on  the  ground- 
floor,  one  of  which  is  immediately  over  the  opening  by  which 
the  workmen  enter  the  mine  as  they  go  to  their  work.  This 
opening  is  secured  by  a  trap-door,  and  the  room  connected 
with  it  is  called  ihe  dressing-room ;  for,  when  the  men  enter 
ii,  they  strip  off  their  usual  cTotheSy  and  each  of  them  puts  on 
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a  dress  suitable  for  working  in  a  mine.  The  men  work  six 
hours  each,  and  then  thej  are  relieved  by  others.  When 
the  hour  of  relief  comes,  the  steward  attends  in  the  dressing- 
room,  to  see  the  men  undress,  as  they  come  up  the  steps  one 
by  one  out  of  the  mine,  when  they  put  on  their  usual  clothes, 
which  are  also  examined  by  the  steward  to  see  that  they  have 
no  black-lead  concealed  within  them.  This  room  contains 
no'furniture  except  the  pegs  on  which  the  clothes  are  hung, 
and  which  extend  all  round  the  room,  each  man  knowing  his 
own.  When  these  have  dressed  and  departed,  another  set  of 
men  clothe  themselves  for  their  work,  and  enter  the  mine  as 
before  ;  the  trdp-door  is  then  again  shut,  and  the  steward  is 
relieved  to  attend  his  other  occupations. 

I  have  said  that  the  house  consists  of  foi^r  rooms,  and  these 
are  contrived  so  as  to  be  connected  with  each  other.  In  the 
innermost  of  these  rooms  there  is  a  kind  of  counter  or  strong 
table,  under  the  window,  at  which  two  men  sit  who  are  con- 
stantly employed  in  assorting  and  dressing  the  mineral.  This 
is  necessary,  because  it  is  usual  to  divide  the  black-lead  into 
two  kinds,  called  best  and  coarse ;  and  as  the  finest  specimens 
have  generally  pieces  of  iron-ore  or  other  impurity  attached 
to  them,  these  are  dressed  off  by  peculiar  tools  adapted  to  the 
purpose.  These  men  are  constantly  shut  in  when  at  work, 
and  the  steward  walks  backwards  and  forwards  in  an  adjoin- 
ing room  furnished  with  two  loaded  blunderbusses,  which 
hang  within  his  reach,  for  the  sake  of  further  security.  As 
the  black-lead  is  cleaned,  it  is  put  into  firm  casks  which  hold 
about  1121b.  each,  and  these  are  sent  by  a  wagon  to  the 
warehouse  of  the  proprietors  in  London.     Formerly  this  mine 

^  was  opened  only  once  in  six  or  seven  years,  as  I  have  before 
said  ;  but  in  consequence  of  the  demand  being  greater,  and 
the  quantity  which  they  have  discovered  not  being  so  large, 
it  has  been  found  expedient  to  open  the  mine,  and  dig  for  the 
ore  during  six  or  seven  weeks  in  every  year.  At  this  time 
the  mine  is  guarded  night  and  day ;  and  it  is  thought  necessa- 
ry that  the  steward,  who  only  lives  at  the  village  of  Seathwait 
at  the  foot  of  the  mountain,  should  not  leave  the  house  at  any 

.  time  during  the  whole  of  this  period,  except  an  hour  or  two 
'  on  the  Sunday  to  visit  his  family,  and  even  then,  as  he  told 
me,  he  was  always  careful  to  return  to  his  dwelling  on  the 
mountain  while  it  was  yet  day-light.  In  consequence  of  the 
mine  having  of  late  years  been  opened  every  summer,  they 
now  raise  all  the  blaolc-lead  they  find,  and  then  the  mine  is 
securely  shut  up  in  the  following  manner : — The  workmen 
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yufheel  back  the  rubbish  which  had  been  removed  at  the  open- 
ing of  the  mine,  and  this  is  laid  in  one  continued  heap,  to  the 
amount  of  some  hundred  cart-loads,  which  securely  blocics  up 
both  the  passages  into  the  mine.  The  door  is  then  locked,  as 
well  as  the  door  into  the  house,  and  all  the  men  then  leave 
the  premises  in  a  state  of  safety ;  for  the  mass  of  rubbish 
which  is  thus  wheeled  in  at  the  larger  door,  dams  up  the  small 
rill  of  water  which  usually  flows  through  the  mine,  and  this 
has  the  effect  of  flooding  it  completely.  Thus,  if  an  attempt 
were  made  to  break  the  house  and  enter  the  mine  by  that 
road,  the  robbers  would  find  that  the  water  had  arisen  to  such 
a  height  as  would  drown  any  individual  who  should  attempt 
to  search  for  the  ore. 

From  an  examination  of  the  exterior  of  the  mountain,  it  ap- 
pears that  in  former  times  various  small  shafts  have  been  sunk 
for  getting  the  black-lead ;  and  the  mine  which  they  are  now 
working  was  one  of  those  which  had  been  closed  for  a  centu- 
ry, which  was  again  opened  in  the  year  1 769,  in  consequence 
of  another  mine  in  the  immediate  vicinity  having  failed.  The 
expense  of  raising  the  black-lead  varies  very  much  in  differ- 
ent years,  according  to  the  size  of  the  masses  which  the 
workmen  happen  to  meet  with  :  for  instance,  that  which  they 
found  in  the  year  1778  was  four  yards  in  diameter,  and 
twelve  yards  high;  that  of  1803  was  twenty-one  yards  and  a 
half  hieh,  two  yards  and  a  half  in  diameter,  and  perfectly 
round  like  a  column;  that  which  they  found  in  1812  was 
rather  less  than  twenty  yards  in  height,  and  only  two  feet  in 
diameter;  and  what  they  are  now  getting  is  found  only  in 
a  narrow  string.  The  expenses  of  driving  the  level,  of  build- 
ing the  house,  and  working  the  mine,  from  the  23d  of  April 
1798  to  the  4th  of  April  1814,  have  amounted  to  6637/.  9s. 
4J. ;  and  during  this  period  there  have  been  produced  736 
casks  of  fine  black-lead,  and  1816  casks  of  the  coarse  kind, 
amounting  together  to  2553  casks  of  about  1 12lb.  each. 

It  might  be  a  matter  of  difliculty  to  those  who  visit  the 
mine,  to  conceive  how  these  casks  of  black-lead  can  be  con- 
veyed with  safety  down  the  face  of  so  steep  a  mountain. 
This  is  done  by  men  who  have  been  long  accustomed  to  the 
task.  The  cask  is  fixed  upon  a  light  sledge  with  two  wheels, 
and  the  man,  who  is  well  used  to  this  sort  of  precipitous  path, 
walks  coolly  down  before  the  sledge,  taking  care  that  it  does 
not  acquire  too  great  a  momentum,  and  thus  overpower  him. 
The  empty  sledge  he  then  carries  back  upon  his  shoulders, 
and   takes  another  cask.      All  the  black-lead  is  sent  to 
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London,  as  I  hdve  already  mentioned,  where  it  is  deposited 
in  the  warehouse  of  the  proprietors,  and  afterwards  disposed 
of  by  public  auction  held  at  Essex-street  in  the  Strand,  Lon- 
don. This  happens  on  the  first  Monday  of  every  month 
throughout  the  year;  and  the  best  kind  usually  sells  for 
two  guineas  or  more  per  pound.  There  are  some  considera- 
ble manufactories  of  pencils  at  Keswick,  but  i  was  told  that 
the  makers  are  under  the  necessity  of  sending  to  London  ibr 
all  the  black-lead  they  use  in  the  trade,  although  they  reside 
so  near  the  place  of  its  production. 

The  propriety  of  this  valuable  mine  is  divided,  as  I  under- 
stand, into  two  equal  parts,  one  of  which  belongs  to  Henry 
Bankes,  Esq.  representative  in  parliament  for  Corfe  Castle 
in  the  county  of  Dorset ;  3nd  the  other  moiety  is  divided  into 
ten  or  twelve  shares  belonging  to  the  executors  of  the  late  Sir 
Joseph  Banks,  Sir  John  Alitford,  the  executors  of  the  late  Mr 
Gilbert,  and  others.  In  some  years  the  net  produce  of  the 
black-lead  has  amounted  to  thirty  or  forty  thousand  pounds. 
Mr  Otley  has  stated,  that  by  an  account  drawn  up  m  1 804 
the  stock  of  black-lead  then  on  hand  was  valued  at  54,000/., 
and  the  annual  consumption  about  3500/.;  the  best  black- 
lead  was  then  sold  at  355.  per  pound ;  since  that  time  the  price 
has  been  from  30«.  to  45^.  and  the  consumption  is  much  in- 
creased. It  is  remarkable  that  this  mine,  which  was  valued 
in  making  the  grant  of  the  manor  of  Borrowdale  by  King 
James  I.  at  Xbs.  4<I.,  was  on  the  last  assessment  for  the  proper- 
ty tax,  estimated  at  3700/.  sterling  a  year.  Some  other  par- 
ticulars respecting  this  singular  mine  may  be  seen  in  tl^ 
works  quoted  below.* 


Art.  XXXIV. — On  a  Simpk  Mechanical  Method  of  Forming 
the  Curves  for  Reflectors^  and  of  illustrating  the  Principles  of 
various  Philosophical  Instruments^  ^c.  By  Mr  John  Hart, 
Civil  Engineer.  Communicated  by  the  Author.  [JBreio- 
ster^s  Jour*  Sci."] 

While  engaged  in  drawing  a  curve  for  a  gage,  to  enable 
the  workman  to  form  the  reflector  of  the  lamp  for  illumina- 
ting the  dials  of  the  Tron  steeple  of  this  city,  an  idea  occurred 

*  Bobin80D*8  Jil'atural  Hittory  of  Wettmortland  and  Cumberland^  8vo,  Lon- 
don, 1709,  p  76 ;  Colonel  Thornton's  Spariing  Tour  through  the  J^orlhem 
parti  of  England^  4to,  London,  1804,  p.  282 ;  Mr  Otley  in  Memoirs  of  the 
LUerary  and  PhUowphicat  Society  of  Manehcster,  second  series,  vol.  iii.  pagep 
168-175. 
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to  me  of  forming  these  curves,  id  a  more  simple  manner  than 
that  usually jpracti&ed.  If  a  number  of  radii  be  drawn  from 
a  centre,  on  a  sheet  of  paper,  they  will  represent  rays  di- 
verging from  that  centre ;  and  if  we  fold  them  over  in  the  di- 
rection that  the  light  is  required  to  take,  the  folds  will  repre-- 
sent  the  reflecting  surface*  Having  found  this  methoa  to 
answer  upon  trial,  and  to  be  more  extensively  applicable  than 
1  had  at  first  supposed,  I  have  sent  it  to  you  for  insertion  in 
your  valuable'  Journal,  under ,the  impression  that  it  may  be 
of  service  to  lecturers  and  teachers  of  youth,  by  affording  a 
mechanical  illustration  of  the  properties  of  the  conic  sections, 
and  other  curves  in  the  reflection  of  light  or  sound,  &c.  as 
well  as  to  .the  practical  mechanic,  who  may  be  unacquainted 
with  geometry,  but  who  may  be  employed  iti  the  construction 
of  such  instruments.  The  foUowmg  is  an  abridgment  of  a 
paper  read  oefore  the  Glasgow  Philosophical  Society. 

Before  proceeding  to  curves,  I  shall  give  a  few  examples  of 
its  application  to  the  angles  of  incidence  and  reflection,  &c. 

Ur,  a  straight  strip  of  paper  simply  folded,  as  shown  in 
Plate  III.  Fig.  1st  or  3d,  will  give  a  correct  idea  of  the  angle 
of  incidence  and  reflection  ;  the  strip  represents  the  light  be» 
fore  and  after  reflection ;  and  the  fold  the  reflecting  surface ; 
if  two  or  three  lines  of  difierent  colours  be  drawn  upon  the 
paper,  it  will  show  how  the  image  is  inverted  after  reflection, 
as  is  shown  in  the  plate  by  dotted  and  continuous  lines. 

Fig.  3.  shows  the  construction  and  principle  of  the  q^tical 
toy,  called  the  polemoscope ;  the  paper  again  represents  the 
light  and  the  folds,  the  angle  of  the  mirrors. 

Fig.  4.  represents  two  folds  or  reflections,  to  produce  a 
right  angle ;  or,  the  principle  of  Dr  Wollaston's  Camera  lAicir 
da.  By  holding  the  paper  folded  in  this  manner,  between  the 
eye  and  the  light,  the  dotted  lines  will  show  how  the  object 
is  erected  by  the  second  reflection  in  this  beautiful  little  in- 
strument, the  folds,  of  course,  represent  the  angle  of  the  prism. 

The  Circle* — It  is  well  known  to  geometers  that  rays  of 
light  falling  on  a  spherical  surface,  (except  from  a  luminous 
body  placed  in  its  centre,)  will  not  meet  in  a  point  after  re- 
flection^ but  will  have  a  number  of  distinct  foci  from  every 
part  of  the  circle :  if  a  line  be  drawn  through  these  foci,  it 
will  constitute  a  caustic  curve.  To  illustrate  this,  take  a 
piece  of  paper,  see  Figs.  5.  and  6.  and  draw  a  number  of 
parallel  or  diverging  lines,  about  one-fourth  of  an  mch  asun^ 
der.  From  a  point  about  the  middle,  describe  a  circle  on 
fcoth  t»ides  of  the  paper ;  then,  with  a  knife,  cut  each  alter- 
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nate  Kne^  coimnencing  with  the  cut  a  little  within  the  circum- 
ference of  the  circle,  and  cutting  to  the  end  of  the  papa*, 
these  lines  will  represent  parallel,  or  diverging  rays  of  light : 
fold  over  the  strips,  making  each  fold  upon  the  circumference 
of  the  circle ;  It  will  now  be  seen  that  these  rays  do  not  meet 
•in  a  point,  but  cross  each  other  in  what  geometers  term  cam- 
tic  curves. 

If  all  the  parallel  rays  be  folded  so  as  to  meet  in  the  point 
where  the  first  two  rays  crossed,  as  in  Fig.  7.  the  curve  form- 
ed by  the  folds  will  be  a  portion  of  a  parabola* 

The  Ell^se. — ^If  a  luminous  or  sounding  body  be  placed  in 
the  focus, of  an  ellipse,  the  rays  of  light  or  sound  will  all  be 
reflected  to  the  other  focus. 

This  n^ay  be  shown  by  laying  a  narrow  strip  of  paper  from 
one  of  the  foci,  and  folding  it  at  any  place  upon  the  curve,  k 
will  point  to  the  other  focus.     See  Fig.  8. 

Or  by  taking  a  few  strips  of  paper  of  equal  lengths,  and 
pushing  a  pin  through  one  end  of  them  as  a  centre,  and  folding 
them  so  that  each  fold  joins  the  last,  and  the  other  end  points 
to  another  centre*  the  folds  will  form  an  ellipse  round  these 
two  centres ;  thus  clearly  showing  that  every  point  of  the 
curve  reflects  light  or  sound  from  one  focus  to  tne  other. 

The  Parabola. — In  order  to  form  a  parabolic  curve,  or  a 
gage  for  a  reflector  that  will  reflect  the  light  of  a  luminous 
body  placed  in  its  focus  in  a  parallel  stream,  such  as  light- 
house reflectors,  &c.,  take  a  sheet  of  paper,  see  Fig.  9,  and 
through  the  centre  draw  twelve  or  sixteen  lines ;  let  the  cen- 
tre represent  a  luminous  point,  (a  candle  for  instance,)  of  course 
the  lines  will  represent  rays  of  light  radiating  from  it.  Take 
a  knife,  and  cut  each  alternate  line  nearly  to  the  centre,  fold 
over  one  of  the  pieces,  as  in  Fig.  10,  makine  the  fold  at  the 
same  distance  from  the  centre  you  want  the  focus  of  your 
curves  to  be,  and  the  centre  line  of  this  fold  to  return  over 
the  centre  of  the  radii,  fold  over  the  rest,  making  each  sue* 
cessive  fold  to  join  with  the  last,  observing  always  to  make- 
the  centre  line  of  each  fold  parallel  to  the  centre  hne  you  first 
commenced  with.  The  curve  formed  by  these  folds  will  be 
a  parabola;  the  lines  will  represent  the  rays  of  light  emana- 
ting from  the  luminous  point,  before  and  after  reflection  firom 
the  surface  of  the  curve ;  or  vice  versa^  parallel  rays  falling  on 
this  curve  will  be  reflected  to  a  point  in  the  centre  or  focus. 

The  Hyperbola. — ^If  the  pieces  be  so  folded.  Fig.  11,  that 
the  Hnes.be  made  to  diverge,  (so  that  if  they  were  prolonged 
behind  the  curve  they  would  meet  in  a  point)  the  curve  pn^ 
duced  by  the  folds  wiU  be  a  hyperbola. 
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Therefore,  if  a  luminous  point  be  placed  in.  the  focus  of 
this  curve,  the  light  will  be  reflected  as  if  radiating^  from  th^ 
pomt  behind  the  curve,  or  its  virtual  focus. 

It  will  be  evident  that  parallel  rays  falling  on  this  curve, 
will  be  reflected  to  its  virtual  focus ;  hence,  tf  a  hole  be  made 
throueh  the  centre  of  this  reflector,  and  the  virtual  focus  be 
placed  close  behind  the  curve,  it  will  form  an  excellent  burn* 
ing  mirror. 

Reflectors  for  coach-lamps  may  be  forfn^  either  of  this 
curve,  with  a  distant  vertical  focus  to  spread  the  light  a  Ijttle 
before  the  horses,  or  of  the  parabola.  It  will  te  evident, 
however,  that  the  parabola  will  likewise  spread  the  light  a 
little,  as  the  flame  is  necessarily  larger  than  its  focus- 
It  must  be  obvious  to  those  conversant  with  optics,  that  in 
this  manner  Gregorian,  Newtonian,  and  Casse|[ranian  tele^ 
copes,  and  reflecting  microscopes,  may  be  explamed  to  a  pop- 
ular or  mixed  class,  afibrding  them  a  better  iaea  of  the  proper 
curves  for  the  reflectors  of  these  instruments,  than  by  the 
usual  method  of  diagrams. 

Upon  a  board,  for  example,  draw  the  two  specula  and  cofne 
of  rays  of  a  Gregorian  telescope,  then  take  twelve  or  more 
strips  of  paper,  and  nail  them  in  the  focus  of  the  great  specu- 
lum ;  spread  them  out  (like  the  rays  of  a  fan^  so  as  to  cover 
the  large  speculum;  now  fold  them  up  parallel,  beginning  at 
the  centre  of  the  great  speculum  to  represent  the  incident  rays. 
Turn  down  the  other  ends,  beginning  likewise  at  the  centre  of 
the  small  speculum,  but  converging  so  as  to  meet  at  its  focus 
before  the  eye-elass.  The  difference  of  curves  produced  by 
the  folds  from  the  spherical  draught  upon  the  board  will  now 
be  apparent,  especially  if  the  telescope  is  drawn  of  a 'large 
aperture,  the  slips  of  paper  will  give  a  distinct  idea  of  the 
path  of  the  light. 

I  shall  now  ^ive  an  example  or  two  of  its  application  in 
Acoustics,  and  m  forming  the  teeth  of  wheels,  &c. 

A  long  strip  of  paper  folded,  as  in  Fi^.  19,  will  Hlustrate 
the  nature  of  the  Speahng  trumpet ;  that  is,  the  proper  angle 
of  the  conical  tube,  in  proportk>n  to  its  length,  to  give  the 
greatest  number  of  echoes,  or  reflections,  in  lines,  as  nearly 
parallel  as  possible. 

Fig.  IS  is  the  converse  of  this  principle,  or  the  Ear  trumpet; 
it  will  be  seen,  by  inspecting  this  figure,  that  the  dotted  part 
of  the  cone  n^ust  be  cut  off,  otherwise  the  sound,  after  another 
reflection,  would  return  back.  Drawing  two  or  three  con- 
verging linea,  and  folding  a  strip  of  paper  fironside  to  aide,  as 
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in  Fig.  12  or  13,  a  workman  unacquainted  with  geomelry  may 
determine  the  proper  angle  for  any  trumpet  of  this  kind  be 
may  be  employed  to  make. 

As  this  method  may  likewise  be  used  in  finding  the  proper 
form  of  the  teeth  of  wheels,  wipers  and  stampers,  irregular  or 
eccentric  wheels,  &c.  so  that  they  may  act  fair,  or  roll  upon 
one  another,  I  shall  give  one  example  of  its  application  to 
this  purpose.  Suppose  that  we  have  a  half-worn  wheel,  and 
that  it  is  required  to  find  the  form  of  teeth  that  will  woiic 
properly  into  it :  Take  a  slip  of  thin  deal,  and  cut  the  form  of 
one  of  the  teeth  of  the  wheel  on  the  end  of  it,  put  a 
nail  through  it  at  the  distance  of  the  centre  of  the  wheel, 
so  that  it  will  describe  a  circle  the  same  as  the  wheel; 
take  another  piece  for  the  radius  of  the  other  wheel, 
place  them  at  the  proper  distance,  or  pitch  line ;  then 
take  a  piece  of  paper,  and  cut  on  it  a  few  parallel  stripSi 
lay  it  on  the  piece  representing  the  new  wheel,  as  in  Fig.  14, 
then  move  them  forward,  fold  up  the  first  strip  that  comes  in 
contact  with  the  teeth,  observing  to  make  the  fold  in  a  line 
with  the  acting  surface :  that  is,  fold  the  strip  at  right  angles 
to  the  acting  part  of  the  opposite  tooth,  move  it  to  the  next 
strip,  fold  it  up  in  the  same  manner,  and  so  on  till  the  tooth 
gets  free.  The  curve  formed  by  these  will  roll  upon  the 
teeth  of  the  opposite  wheel,  whatever  form  they  may  have 
assumed  by  wear. 


Art.  XXV. — On  an  Indelible  Ink^  and  on  Bisire. — By  John 
MacCulloch,  M.  D.  F.  R.  S.  F.  L.  S.  &  M.  G.  Communi- 
cated by  the  Author.    IBreasier^s  Jour*'] 

Ths  perishable  nature  of  our  common  ink  is,  as  you  well 
know,  a  frequent  source  of  serious  inconveniences,  particular- 
ly in  the  case  of  records,  which  it  is  important  to  preserve,  if 
possible,  for  ever.  The  cause  is  too  well  known  to  chemists 
to  require  mention ;  and  they  also  know  the  processes  that 
have  been  recommended  for  the  restoration  of  manuscripts 
which  time  has  rendered  illegible  or  obscure.    In  a  minor 
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way,  we  are  often  teased  with  the  obliteration  of  our  labels 
or  memoranduxns  of  experiments  in  our  laboratories,  where 
acid  vapours  are  often  let  loose  so  as  to  affect  the  atmosphere 
of  these  places.  Mere  damp,  I  need  scarcely  say,  has  the 
same  effect  of  rendering  writing,  made  in  common  mk,  brown 
and  indistinct;  and  the  same  effect  sometimes  arises  from 
using  a  bad  kind  of  this  most  indispensable  substance. 

Numerous  projects  for  an  indelible  ink  have  been  brought 
forward  at  aifferent  times;  but  none  of  these  are  effectual 
except  where  they  contain  powders  that  are  exempt  from  the 
operation  of  the  destroying  causes.  The  ancients  used  char- 
coal in  some  form,  as  we  have  attempted  to  use  lamp-black, 
whether  in  that  of  Chinese  ink,  or  in  some  other  shape.  This 
is  indelible,  as  is  the  ink  of  the  cuttle  fish,  formerly  used  by 
the  ancients,  and  still  employed  as  a  paint  by  modern  artists, 
under  the  name  of  sepia. 

But  there  are  two  objections  to  these  powders,  of  whatever 
kind,  which  has  hitherto  prevented  them  from  comin?  into 
general  use.  It  is  necessary  that  they  should  be  mixed  with 
glue  or  gum,  without  which  they  will  not  adhere  to  the  paper. 
These  substances,  as  well  as  the  powders  themselves,  prevent 
inks  of  this  nature  from  flowing  freely  through  the  pen,  par- 
ticularly in  warm  rooms,  or  hot  weather ;  and  hence  the  pro- 
cess of  writing  becomes  tedious  and  irritating.  They  have 
another  fault,  of  no  small  weight,  namely,  that  in  damp  situa- 
tions, they  become  mouldy,  and  are  at  length  destroyed,  so 
as  to  permit  the  powders  to  get  loose,  and  tne  writing  to  be 
obscured  or  obliterated. 

The  substance  which  I  have  sent  you  is  free  from  all  these 
faults  at  least ;  although  it  still  labours  under  some  defects, 
which  may  perhaps  prevent  it  from  beine  generally  introduced 
as  an  ink.  Yet,  as  it  is  absolutely  indelible,  by  acids  as  well 
as  by  time,  it  is  worthy  of  attention,  particularly  in  the  cases 
above  alluded  to,  where  a  little  imperfection  will  be  compen- 
sated by  the  advantages  it  holds  out.  ^ 

It  is  prepared  from  the  substance  called  Bistre,  the  nature 
of  which  I  formerly  investi^ted  in  a  paper  published  in  the 
Transactions  of  the  Geological  Society. 

This  substance  is  a  compound  •f  carbon,  or  charcoal,  and' 
hydrogen,  principally ;  very  analogous  to  the  bitumens,  but* 
differing  from  them  in  some  particulars,  which  I  need  not 
here  detail.  It  is  most  conveniently  procured  from  the  de- 
structive distillation  of  wood,  and  can  now  be  obtained,  at  no 
price,  and  in  any  quantities,  from  the  distillers  of  charcoal  for 
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the  gunpowder  manufactories,  and  from  the  manufacturers  of 
new  vinegar. 

When  thus  obtained,  it  is  a  liquid  resembling  common  tar 
in  consistence ;  and  it  is  this  substance  which  forms  the  beau- 
tiful brown  varnish  that  covers  the  inside  of  a  Highland  cot- 
tage ;  being  deposited  from  the  smoke  of  the  peat.  On  being 
subjected  to  evaporation  or  distillation,  it  ^ives  out  an  esseur 
tial  oil,  either  colourless  or  brown,  accordmg  as  the  process  is 
managed,  analogous  to  naptha  and  to  petroleum,  together 
with  acetic  acid.  Being  thus  treated,  it  becomes  first  tena- 
cious, like  soft  pitch,  then  hard  or  brittle,  like  asphaltum, 
with  a  bright,  clean,  conchoidal  fracture*  The  longer  the 
heat  is  continued,  the  more  brittle  it  becomes,  till  at  length  it 
falls  to  powder. 

The  chemical  change  which  here  takes  place  is  that  of 
gradually  diminishing  the  hydrogen  in  the  compound ;  and,  if 
the  process  be  pushed  to  an  extremity,  charcoal  ^lone  at 
length  remains.  At  the  same  time,  the  colour,  which  was  at 
first  a  yellow  brown,  becomes  gradually  dariier,  till  it  settles 
into  one  that  is  nearly  black. 

In  a  hard  state,  this  is  the  bistre  of  artists,  although  that 
substance  is  ignorantly  obtained  from  the  soot  of  wood,  par- 
ticularly beech,  if  possible ;  being  generally  furnished  to  the 
colourmen  by  the  chimney-sweepers,  who  collect  it  from  those 
places  where  wood  is  burnt.  For  this,  reason  it  is  a  very  un- 
certain colour  as  to  its  tone ;  while  artists  also  know  well 
that  it  is  often  glutinous  and  disagreeable  in  use;  adhering 
and  returning  to  the  pencil,  so  as  to  render  it  difficult  to  pi^t 
on  clear  and  repeatea  washes. 

This  fault  consists  in  the  evaporation  not  having  been  car- 
ried far  enough ;  and,  from  the  foregoing  sketch  of  its  ^- 
tupe,  it  will  also  be  seen  that  the  yellowish  varieties  will  be 
the  most  disagreeietble  in  working.  The  obvious  remedy  for 
these  oils  is  to  evaporate  the  oil  and  the  acid ;  and  that  evap- 
oration may  be  r^ulated  to  the  greatest  nicety,  b^  adopting 
the  liquid  tar  of  the  charcoal  and  vinegar  distUlenes.  Thus 
it  may  be  procured  of  the  colour  of  sepia ;  which  indeed  it 
may  be  made  to  rival  in  use,  as  it  is  the  same  substance,  con- 
sidered as  a  chemical  compound. 

There  is  one  other  objection  to  the  use  of  bistre,  in  waier^ 
colour  painting,  and  that  is  its  powdery  nature ;  as  it  is,  like 
other  colours,  merely  suspended  in  gum.  This  evil  is  reme- 
died by  the  same  process  which  converts  it  into  an  ink* 

It  is  soluble  in  the  pure  aUuUies,  both  pota3h  and  soda ;  with 
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If  hkh  it  forms  a  compound  analogous  to  soap,  and  which  is 
in  fact  the  same,  very  nearly,  as  that  which  common  rosin 
forms  with  these  in  that  mixture  of  this  substance  with  tallow 
which  produces  what  is  called  brown  soap. 

But  It  must  be  remarked,  that  the  combination  with  potash 
remains  liquid,  if  not  too  far  evaporated,  while  that  with  soda 
selatinizes,  even  when  much  water  is  present.  The  process 
Itself  is  extremely  simple,  as  it  consists  merely  in  boiling  the 
bistre  in  the  alkaline  solutions,  taking  care  that  they  are  fully 
saturated.  The  degree  of  dilution  may  be  regulated  at  any 
tfane,  according  to  the  uses  for  which  the  colour  is  intended. 

It  is  not  easy  to  give  precise  directions  for  the  state  m 
which  the  bistre  ought  to  be  used,  for  want  of  a  scale  of  refer- 
(fence.  But  it  cannot  well  be  too  brittle  and  too  dark  in  the 
colour,  provided  it  has  not  been  so  far  evaporated  as  to  de- 
stroy its  solubility.  To  bring  it  to  the  condition  of  aspbal* 
turn,  is  perhaps  a  good  general  rule. 

In  a  fluid  state,  this  is  the  indelible  ink  in  question.  There 
18  no  powder  here,  as  the  bistre  is  in  a  state  of  solution,  and 
it  requires  neither  gum  nor  any  other  addition.  It  remains 
unchanged  in  a  bottle,  never  depositing  its  colour,  like  com- 
mon ink.  It  flows  freely  througn  the  pen,  and  can  be  used 
to  write  as  rapidly  as  ordinary  ink.  It  is  so  incapable  ft 
change  as  to  resist  even  oxymuHatic  gas :  nor  is  affected  bj 
any  exposure  to  damp.  I  may  add,  that  I  have  kept  a  manu- 
script for  ten  years,  and  more,  exposed  to  the  vapours  of  a 
large  laboratory,  where  acid  was  always  present,  and  where 
the  paper  was  constantly  damj),  but  without  the  slightest  al* 
teration* 

Its  defects  are  the  following :  It  acts  on  the  quill  so  as  te 
blunt  it  rapidly,  and  to  prevent  the  pens  from  giving  fine  hair 
strokes ;  no  §reat  evil  compared  to  its  advantages  ;  and  one 
which  is  obviated  by  the  use  of  a  metallic  or  a  reed  pen.  It 
is  more  easily  washed  out  by  water  than  common  ink ;  al- 
though it  is  cliflicult  to  discharge  it  entirely  in  this  way,  as  it 
penetrates  into  the  substance  of  the  paper.  This  is  a  defect,^ 
nowever,  to  which  all  the  powder  inks  are  completely  ex- 
posed, nor  is  it  a  trial  to  which  manuscripts  are  likely  to  be 
subjected.  Lastly,  the  colour  is  brown,  and  not  black.  If 
that  is  a  defect  to  the  eye,  it  is  one  that  arises  merely  from 
habit.  It  is,  notwithstanding  that,  more  visible  than  ordinaiy 
ink ;  as  artists  well  know  that  brown  is  a  more  powerful  col- 
our than  black,  and  forms  a  much  more  forward  colour,  ift 
offers  a  stronger  contrast  with  white. 
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Such  are  its  advantages  and  disadvantages ;  and  1  still  think 
that  the  balance  is  so  much  in  its  favour,  that  it  ought 
to  be  adopted  for  all  public  and  legal  documents,  which  it  is 
80  essential  to  preserve  from  obliteration. 

This  solution  is  also  better  adapted  to  water-colour  painting 
than  common  eround  bistre.  It  makes  a  clear  wash,  which 
is  not  disturbed  by  fresh  application,  and  which  does  not  de^ 
posit  poyeder,  that  vice  of  Chinese  ink  which  almost  renders 
It  useless  in  drawing.  It  has  also  the  advantage  of  giving  a 
degree  of  forwardness^  or  intensity,  in  the  foreground,  which 
cannot  be  obtained  by  common  bistre;  and,  for  this  purpose, 
the  solution  in  soda  may  conveniently  be  used,  on  account  of 
the  facility  with  which  the  paper  may  be  loaded  with  it. 

In  terminating  these  remarks,  I  may  add,  that,  in  the  use 
of  common  ink,  it  is  an  error  to  write  with  that  which  is  black- 
est, although  most  agreeable  to  the  eye  at  first.  When  ren- 
dered thus  black,  wnich  it  is  by  keeping,  a  portion  of  the 
tanno-gallate  of  iron  has  been  deposited  in  the  bottle,  in  con- 
sequence of  the  process  of  oxydation ;  so  that  the  fluid,  though 
darker,  contains  less  of  this  salt  than  the  pale  ink  which  is 
fresh  made.  The  more  that  can  be  applied  to  the  paper,  the 
longer  it  is  likely  to  last ;  and  thus,  when  the  faint-coloured 
new  ink  is  used,  the  greatest  possible  quantity  is  attached  to 
it ;  while,  in  a  few  days,  it  becomes  as  black  as  if  it  had  been 
Xised  in  that  state  from  previous  standing. 


.  Art.  XXXVI. — Account  of  some  of  the  Processes  in  iheManu-' 
facture  of  Edge  Tools^  and  oA^er  Sleel  Instruments.  By 
Samuel  Parkes,  F.  L.  S.  &c.  [Abstracted  from  Chemical 
Essays."] 

In  the  manufacture  of  Edge  Tools,  the  process  which  im- 
mediately succeeds  the  forgmg  is  that  of  hardening.  All  these 
cutting  instruments  are  therefore  fashioned  when  the  metal  is 
in  its  originally  soft  state ;  and  when  they  have  attained  the 
intended  forms,  they  are  heated  afresh  to  a  particular  tem* 
perature  suitable  to  the  article.  When  they  have  acquired 
that  degree  of  heat,  they  are  instantly  plunged  into  cold  water, 
which  gives  them  great  hardness,  and  renders  them  capable 
of  cutting  soft  iron  or  even  steel. 
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The  best  cutlers  have  ascertained  that  it.  is  always  desira- 
ble not  to  give  an  instrument  a  greater  degree  of  heat  bj  this 
operation  than  is  absolutely  necessary ;  but  this  will  be  bet^ 
ter  understood  as  we  proceed  in  describing  that  process.* 

Nothing  augments  the  hardness  of  steel  but  increasing  the 
coldness  oi  the  ws^ter ;  and  hence  some  have  ha()  recourse  to 
the  solution  of  salts  in  the  water  to  be  employed  in  hardening. 
A  stream  of  ruimin{[  water  will  make  steel  harder  than  stUl 
water,  as  fresh  portions  of  the  same  fluid  are  incess&ntly  pre- 
sented  to  the  heated  metal.  Some  cutlers  have  assured  me 
that  they  can  make  the  best  instruments  when  they  employ 
urine  in  the  process  of  hardening.  May  not  this  be  attributa- 
'  ble  to  the  poospboric  salts  contained  therein,  as  it  has  been 
demonstrated  that  phosphorus  is  one  of  the  component  parts 
of  steel? 

Experience  has  proved  that  instruments  which  are  the 
liardest  acquire  the  keenest  edge  and  are  the  most  capable  of 
cutting ;  but  then  a  great  degree  of  hardness  always  occa^ 
sions  the  metal  to  be  brittle ;  and  when  the  edge  is  very  &n% 
such  instruments  are  useless  for  dividing  hard  substances,  be«- 
cause  the  sharp  part  is  not  tenacious  enough  to  endure  the 
operation  without  snapping  asunder.  It  is  necessary  there- 
fore fo  be  content  with  less  hardness  in  order  to  obtain  the 
requisite  tenacity,  and  this  is  effected  by  the  operation  called 
lem/iertfig. 

Hence,  when  an  instrument  has  been  properly  hardened, 
it  must  be  softened  again  in  some  measure,  or  to  that  degree 
which  is  thought  to  1^  most  suitable  for  that  particular  pur» 
pose  for  whicn  it  is  intended.  To  effect  this,  it  is  heated 
again  only  to  a  certain  point,  which  is  usually  determined  by 
the  colour  which  the  metal  assumes,  and  then  it  is  instantly 
plunged  into  cold  water.  This  is  called  letting  it  down  to  the 
proper  temper. 

In  France  it  has  been  the  practice,  in  hardening  small  steel 
instruments,  to  cover  them  with  soft  soap,  and  then  to  roil 
4hem  in  common  salt.  This  treatment  prevents  the  articles 
from  scaling,^ and  does  not  prevent  the  hardening.  The  salt 
iluxes  to  a  glass  which  covers  the  metal  and  protects  it  from 
oxidieement.t 

Pliny  informs  us,  that  in  his  time  the  more  delicate  iron  in- 
struments were  steeped  in  oil  to  quench  them,  lest  they  should 

*  See  Nicholson's  Quaorto  JoutmI,  vol.  it.  p.  ISB. 

i  Beithoad*8  TreaHtt  on  Marim  Clocks,    Qmrto,  Psris,  1773. 
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grow  too  hard  and  brittle  with  water.*  On  the  contrary, 
Jonston  says,  that  ^^  if  iron  be  plunged  in  vinegar  it  will  en* 
dure  no  hammering,  but  will  sooner  break  than  draw.t  The 
Lacedaemonians,  who  made  their  coins  of  iron  rods,  were  used 
to  steep  them  in  viiyegar  when  red  hot,  that,  being  thus  ren- 
dered brittle,  they  might  never  be  put  to  any  other  use4 
•  Here  I  should  be  guilty  of  great  injustice  if  I  were  to  omit 
to  notice  the  improvements  in  softening  and  hardenkig  iron 
and  steel  which  have  been  discovered  by  Messrs.  Perkins 
and  Fairman  of  London,  and  employed  by  them  in  preparing 
steel  plates  on  which  they  engrave  bankers'  notes. 

The  usual  mode  of  ascertaining  the  temperature  to  which 
any  edge  tool  has  arrived,  is'by  attending  durbg  the  operation 
to  the  shades  of  colour,  which,  as  the  metal  becomes  more  and 
more  heated,  the  bright  parts  assume  in  rotation,  and  then  when 
it  has  acquired  that  particular  hue  which  may  be  desired,  re- 
moving it  /rom  the  fire  into  water*  But  the  nature  of  the 
operation  is  such,  that  this  must  always  be  attended  with 
^me  uncertainty,  especially  as  different  tools  require  differ-' 
ent  management  in  the  process,  and  it  is  often  a  very  uncer^ 
tain  task  to  give  the  same  temperature  to  every  part  of  the 
same  instrument. 

It  was  on  account  of  these  and  some  other  difficulties  which 
the  makers  of  edge  tools  constantly  labour  under,  that  I  was 
induced  to  turn  my  attention  to  tne  subject,  trusting  that  I 
should  be  enabled  to  suggest  to  the  unscientific  cutler,  some  im- 
provement in  this  most  important  though  very  uncertain  branch 
of  the  art.  But,  in  order  that  the  reader  may  be  better  able 
to  appreciate  what  I  have  to  propose,  I  shall  first  show  what 
particular  colours  are  usually  required  for  the  teniperine  of  a 
few  of  the  instruments  which  are  most  in  demand,  and  then 
explain  some  of  the  methods  now  practised  for  the  attainment 
of  some  peculiar  purposes. 

In  tempering  edge  tools  the  first  colour,  which  appears  at 
430*^  of  Fahrenheit,  is  very  pale  and  only  a  little  inclining  to 
the  ydlow ;  this  is  the  temperature  at  which  lancets  are  usual- 
ly tempered. 

At  a  little  higher  temperature,  say  450%  the  pale  straw  col*- 
our  appears,  which  is  a  heat  suitable  for  the  best  razors  and 
most  of  the  surgical  instruments.    Then  comes  the  Jull  ydlaw, 

♦  Pliny,  lib.  xxniv.  cup.  14. 

t  Jon8ton*8  Hittory  of  the  Thingi  o/AWurei  p.  123. 

t  Plutarch,  ia  Vita  Lycurgi, 
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at  470%  which  is  proper  for  commoD  razors,  penknives,  and 
some  other  implements  of  surgery. 

By  increasing  the  temperature  to  490^  the  brown  colour 
will  be  produced,  which  is  generally  looked  for  by  those  who 
have  lo  temper  garden-hoes*,  small  shears,  and  scissars,  and 
all  those  chisels  which  are  designed  for  cutting  coH  iron. 
Then  at  610*^  comes  the  brown,  dappled  with  purpk  spots^ 
which  shows  the  proper  heat  for  tempering  axes,  firmer- 
chisels,  plane-irons,  and  pocket-knives.  The  next  colour  in 
succession  is  the  purpUf  at  530%  the  heat  at  which  table- 
knives  and  large  shears  are  usually  tempered.  The  next  is 
the  bright  frlue,  at  550%  which  will  give  a  proper  temper  to 
swords,  watch-springs,  springs  for  trusses,  bell-spring,  &c. 
Then  comes  the  yUU  6iue,  at  560%  which  being  the  highest 
spring  temper  is  usually  employed  for  small  fine  saws,  dag- 
gers, augers,  >&c.  This  is  the  proper  heat  also  for  temper- 
ing most  of  those  instruments  which  require  to  be  elastic. 
Tne  last  degree  in  succession  is  the  dark  blul  approaching  to 
black,  which  shows  itself  at  600%  and  is  the  softest  of  all  th^ 
gradations  of  temper,  when  the  metal  becomes  suitable  to  few 
other  instruments  than  hand  and  pit  saws,  which  are  neces- 
sarily made  very  soft  in  the  first  instance,  that  the  workmen 
may  be  able  to  file  them  up  and  set  them  whenever  they  find 
occasion  fcHr  it  without  beuig  obliged  to  soflen  them  every 
time  that  operation  is  to  be  performed.  This  great  heat  is 
likewise  employed  in  tempering  some  particular  kinds  of 
springs. 

Some  curious  facts  respecting  the  properties  of  blued  steel  are 
related  by  Mr  Nicholson  on  the  testimony  of  Mr  Stodart,  who 
says,  ^  that  he  has  found  the  spring  oi^  elasticity  ot  the  steel  to 
be  greatly  impaired  by  tak^ing  off  the  blue  with  sand-paper  or 
Otherwise ;  and,  what  is  still  more  striking,  that  it  may  be  re- 
stored again  by  the  blueing  process,  without  any  previous 
hardening  or  other  additional  treatment.''t 

Extraordinary  as  these  facts  may  appear,  they  have  been 
fully  confirmed  by  a  manufacturer  of  Sheffield,  who  signs  T. 
B.  (probably  Mr  Boulsover)  and  who  writes  thus : — '^  1  took,"  * 
says  he,  ^  a  steel  plate  30  inches  lon^,  12  broad,  and  about 
,04  thick ;  1  hardened  it  in  a  composition  of  oil  and  tallow, 
and  afterwards  tempA*ed  it  down  to  a  spring  temper ;  it  was 

*  Some  workmen  prefer  400^  or  470^  for  garden- hoes  and  sacb  like  imple- 
ments. 
.  t  Nicho]fon*8  Journal^  vol.  xii.  p.  63. 
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DOW  fh  elastic  as  to  recover  its  po»itiou  after  being  bended-^ 
by  hammering  it  to  set  it  straignt,  it  lost  a  part  of  its  elasiici^ 
ty ;  after  being  ground  in  the  same  manner  as  a  saw^  the 
elasticity  became  still  less,  having  nearly  returned  to  tbo 
same  state  as  before  hardened  :-^it  was  then  very  uniformly 
heated  until  it  became  blue ;  it  now  recovered  the  'whole  of 
its  elasticity :— ^fter  being  glared  bright  upon  a  glazier  coat^ 
ed  with  emery,  the  elasticity  was  found  to  be  impaired,  but 
in  a  less  decree  than  when  it  was  ground  ;--the  same  effect 
wak  also  produced  by  rubbing  with  emery  or  sand-paper,  and 
also  by  burnishing ;  invariably  the  elasticity  was  recovered 
by  blueing,  and  bence  this  is  always  the  last  operation  in  the 
manufacture  of  elastic  steel  plate.* 

Every  maker  of  edge  tools  well  knows  that  their  temper  is  in« 
dicated  by  the  colour  which  they  assume ;  thus  by  observing 
the  progress  of  the  colours,  he  is  guided  in  operating  on  the  dif- 
ferent kinds  of  instruments,  experience  alone  being  the  rule  in 
these  cases ;  but  in  order  to  obtain  the  most  favourable  results  in 
some  instances  of  nicety,  there  are  other  mitiutisB  which  re* 
quire  much  care  and  observation. 

In  the  year  1 789  Mr  David  Hartley  took  out  a  patent  for 
a  method  of  tempering  steel  by  the  aid  of  a  pyrometer  or 
thermometer  applied  near  to  the  surface  of  the  article,  and  at 
the  same  time  recommended  the  use  t>f  heated  oil,  in  which 
he  says  many  dozens  of  razors  or  other  tools  might  be  tem- 
pered at  once  with  the  utmost  facility,  and  the  various  de- 
frees  of  heat  necessary  for  the  different  purposes  might  speed- 
fly  be  determined  by  experiment.? 

When  I  first  saw  this  announced  in  the  public  journals,  it 
immediately  occurred  to  me  that  the  principle  might  be  im- 
proved upon,  and  if  a  bath  of  oil,  or  of  some  kind  of  fusible 
metal,  were  contrived  for  the  tempering  of  every  species  of 
edge  tool,  that  a  greater  degree  of  certainty  would  be  givt^n 
to  this  operation,  than  the  persons  who  have' generally  the 
conduct  of  such  manufactories  have  ever  experienced. 

Influenced  by  these  views  of  the  subject,  I  determined  long 
ago,  that  1  would  embrace  some  opportunity -of  instituting  a 
series  of  experiments,  to  determine  at  what  degrees  of  tem- 
perature all  the  common  kinds  of  oil  enter  into  ebullition,  and 
also  the  melting-points  of  several  metallic  compounds,  in  or- 
"^  •  .  ■  ■    —  ,-«..-■.>  ■  ■■■-■■  — 

«  Nicholson's  Jowmdly  vol.  xlv.  p.  2S6. 

t  Mr  Nicholson  has  jriveii  some  accout  of  this  patent  in  the  first  volame  ef 
his  Qaarto  Jwmal,  p.  JH38. 
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der  to  be  able  tafunuBh  the  practical  cutler  with  a  few  tables, 
from  whence  he  might  learn  how  to  construct  a  bath  in  which 
he  could  at  all  times  impart  the  desired  temper  to  the  par- 
ticular instruments  of  his  manufacture  with  the  utmost  cer- 
taintjr  and  with  unusual  despatch*  These  experiments  have 
been  performed,  and  those  results  which  were  deemed  most 
important  will  be  given  in  a  tabular  form  in  the  Appendix  to 
this  volume* 

In  the  application  of  this  principle  of  tempering  edge  tools 
in  a  fluid  menstruum,  whether  metallic  or  otherwise,  it  will 
be  advisable  to  have  the  bath  which  is  to  contain  the  heated 
fluid,  made  of  cast*iron,  which  should  vary  in  form  and  size 
so  as  to  adapt  it  to  the  particular  sort  of  tools  or  instruments 
which  are  to  be  tempered  within  it.  And  where  the  business 
is  considerable,  it  would  be  convenient  to  have  two  such  baths 
fixed  in  brickwork,  adjoining  to  each  other  and  heated  by 
the  same  fire,  with  registers  to  cut  ofif  the  communication  of 
either  of  them  with  thei  fire-place  at  pleasure,  so  that  one 
might  be  heating  while  the  workman  was  tempering  his  goods 
in  the  other* 

Many  advantages  would  result  from  this  method  of  temper- 
ing edge  tools*  In  the  first  place,  there  could  never  be  any 
uncertainty  as  to  the  degree  of  temper  which  the  articles 
would  acquire ;  for,  when  the  manufacturer  had  once  ascer- 
tained which  ol  the  metallic  baths  was  suitable  for  any  particu- 
lar kind  of  edge  tool,  all  that  would  be  necessary  would  be 
to  arrange  the  goods  in  rows  upon  the  surface  of  the  con- 
gealed metal,  to  light  a  fire  underneath  the  containing  vessel, 
and  then  carefully  to  observe  when  the  surface  of  the  fusible 
metal  be^ns  to  melt  As  soon  as  this  takes  place,  the  edse 
tools  are  immediately  to  be  removed  ^nd  plunged  into  cold 
water,  by  which  means  the  whole  parcel  will  have  acquired 
exactly  the  same  temper. 

Secondly,  where  instruments  have  a  thick  back  and  a  fine 
edge,  it  is  almost  impossible  ever  to  give  them  an  uniforia 
temper  by  the  old  method ;  for  there  will  alwavs  be  a  dan- 
ger of  the  edse  being  lowered  too  much  before  the  other  parts 
become  regularly  heated  throughout*  This  difiiculty  occurs 
particularly  in  razors,  where  the  thickness  of  the  back  is  al- 
ways a  formidable  obstacle  to  the  attainment  of  an  uniform 
regularitv  of  hardness.  It  may  however  be  determined  by 
means  of  nitric  acid,  whether  a  razor  or  other  polished  edge 
tool  be  of  an  equal  degree  of  hardness :  for,  on  applying  this 
^id  to  bright  steel,  the  black  tinge  will  appear  more  speedily 
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and  strongly  upon  the  hard  parts  than  on  the  rest  of  the  sur- 
face.* 

Formerly,  no  man  in  Great  Britain  knew  how  to  temper 
a  sword  in  such  a  way  that  it  would  bend  for  the  point  to 
touch  the  heel  and  spring  back  again  uninjured,  except  one 
Andrew  Ferrara,  who  resided  in  the  Highlands  of  Scotland* 
The  demand  which  this  man  had  for  his  swords  was  so  great 
that  he  employed  workmen  to  forge  them,  and  spent  all  his 
own  time  in  tempering  them ;  and  found  it  necessary,  even  in 
the  day-time,  to  work  in  a  dark  cellar,  that  he  might  be  bet- 
ter able  to  observe  the  progress  of  the  heat,  and  that  the 
darkness  of  his  workshop  might  favour  him  in  the  nicety  of 
the  operation.  Had  this  ingenious  artist  thought  of  a  bath  of 
oil,  he  might  have  heated  this  by  means  of  a  furnace  under- 
neath  it,  and  by  the  use  of  a  thermometer,  to  the  exact  ppint 
which  he  found  necessary ;  though  it  is  inconvenient  to  have 
to  employ  a  thermometer  for  every  distinct  operation..  Or, 
if  he  had  been  in  possession  of  a  proper  bath  ot  fusible  metal, 
he  would  have  attained  the  necessary  certainty  in  his  process, 
and  need  not  have  immured  himself  in  a  subterranean  apart- 
ment. 

The  swords  which  were  formerly  in  the  highest  repute, 
were  made  at  Damascus  in  Syria.  The  method  by  which 
these  were  made,  has  long  been  lost ;  or  perhaps  it  was  never 
thoroughly  known  to  Europeans;  but  it  is  supposed  that 
they  were  formed  by  alternate  layers  of  extremely  thin 
plates  of  iron  and  steel  bound  together  with  iron-wire,  and 
then  firmly  cemented  together  by  welding.  These  weapons 
never  broke,  even  in  the  nardest  conflict,  and  yet  they  retain- 
ed so  powerful  an  edge,  that  the  armour  made  like  net-work 
with  scales  of  iron,  or  with  small  iron  rings,  called  coats  of 
mail,  was  instandy  divided  under  their  force. 
'  This  manufactory  at  Damascus  had  formerly  the  greatest 
reputation  throughout  Europe  and  through  a  great  part  of 
Asia ;  but  in  the  latter  end  of  the  fourteenth,  or  at  the  begin- 
ning of  the  fifteenth  century,  Timour  Bee,  usually  called  Ta- 
merlane, on  his  conquest  of  Syria,!  carried  away  all  the  best 
workers  in  steel  from  Damascus  to  Persia ;  and  we  know  so 
little  of  Persia,  that  it  may  be  difficult  now  to  ascertain 
whether  this  peculiar  manufactory  is  still  carried  on  in  that 
country  or  not. 

*  Nicholson's  Quarto  Journal,  vol.  iv.  p.  131. 

t  Gibbon *8  Hittory  of  the  Decline  and  Fall  of  the  Roman  t^mpire,  toI.  xii. 
pages  21  and  45. 
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A  writer  in  Nicholaon^s  Journal,  who  had  the  opportunity 
of  examining  a  real  Damascus  blade,  which  had  cost  the  pos- 
sessor twelve  guineas  at  Constantinople,  has  thus  described 
it :  ^^  It  had  (says  he)  a  dull  grey  or  blueish  appearance,  was 
scarcely  hanler  than  common  steel  from  the  forge,  was  not 
easily  bended,  and  when  bended  had  no  spring  to  recover  its 
figure.  Its  back  was  smooth,  as  were  also  two  narrow  sloped 
surfaces  which  formed  its  edge  under  an  angle  of  about  40 
degrees ;  but  its  flat  sides  were  every  where  covered  with 
minute  waving  lines  in  masses  in  all  directions,  not  crossing 
each  other,  and,  for  the  most  part  hinning  in  the  direction  of 
its  length.  The  lines  were  in  general  as  fine  as  harpsichord 
wire,  not  extremely  well  defined  nor  continued ;  and  their 
,  distinction  from  each  other  was  effected  by  no  perceptible 
•  indentation  of  the  surface,  but  rather  by  the  succession  of 
parts  dififering  in  the  degree  of  polish  or  brightness.'^ 

^^  I  was  informed,'^  says  the  writer  of  the  memoir,  ^  that  if 
any  part  of  this  blade  were  made  smooth  by  grinding  or 
whetting,  the  wavy  appearance,  called  the  water,  could  be 
again  produced  by  means  of  lemon  juice;  and  thut  its  excel- 
lencies were,  that  it  could  be  depended  upon  not  to  'break ; 
and  that  it  would  cut  deeper  into  a.  soft  substance,  such  as  a 

Eack  of  wool,  or  into  flesh,  than  any  other  kind  of  sword 
lade." 

"  I  infer  therefore,"  adds  the  writer,  "  that  the  Damascus 
steel  is  in  fact  a  mechanical  mixture  of  steel  and  iron ;  that 
it  is  incapable  of  any  considerable  degree  of  hardness,  and 
consequently  is  in  no  danger  of  breaking  from  its  Vrittleness; 
.that  its  tenacity  is  ensured  not  only  from  the  admixture  of 
iron,  but  likewise  from  the  facility  with  whiqh  its  soundness 
may  be  ascertained  throughout,  by  the  same  process  which 
exhibits  the  water  or  fibrous  apjsearance;  and,  lastly,  that 
the  edge  of  a  weapon  formed  of  this  material  must  be  rough, 
on  account  of  the  difierent  resistance  which  the  two  substan- 
ces afibrd  to  the  grindstone,  in  consequence  of  which  it  will, 
operate  as  a  saw,  and  more  readily  cut  through  yielding  sub- 
stances than  such  cutting  tools  as  are  formed  of  a  more  uni- 
form substance."* 

The  conjectures  of  this  writer  respecting  the  methods  by 

which  these  blades  were  manufactured  at  Damascus,  and  the 

account  of  the  experiments  which  he  himself  undertook  for 

the  purpose  of  enabling  him  to  imitate  them,  are  extremely 

■•■■"•-  •■  '      ■         '    •  ■    ■ ,    ■  ■  ^  ^ 

*  Nicholson's  Qnarto  Joumuh  vol.  i.  pages  466— 471. 
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interesting  and  instructive,  so  much  so  that  I  have  nd  hesita* 
tion  in  recommending  the  whole  paper  to  the  perusal  of  all 
those  who  are  curious  in  the  manufacture  of  edge  tools. 

I  \i^ould  not  have  it  understood  that  1  wish  to  lay  any  claim 
to  the  merit  of  the  discovery  of  metallic  baths  for  the  temper- 
ing of  edge  tools,  because  I  know  of  two  or  three  individuab 
who,  for  some  particular  articles,  have  for  several  years 
adopted  this  expedient ;  but  I  have  reason  to  believe  that  the 
few  cutlers  who  have  been  'in  the  habit  of  tempering  in  a 
fluid  bath,  have  always  employed  a  thermometer ;  whereas 
the  object  of  my  experiments  is  to  furnish  a  list  of  baths, 
either  of  which  may  be  used  with  certainty,  without  employ* 
ing  that  instrument*  Moreover,  as  the  practice  is  very  much 
confined,  and  few  workmen,  comparatively,  have  any  idea 
that  it  would  be  possible  to  render  such  a  method  available, 
I  was  desirous  of  explaining  its  principles,  and  of  furnishing 
a  scale  by  which  the  manufacturer  might  acquire  the  means 
of  tempenne  an^  instrument  whatever,  in  such  a  manner  as 
will  render  it  entirely  suitable  to  the  purpose  for  which  it  is 
intended. 

Another  kind  of  edge  tool  remains  to  be  described,  which 
is  made  of  casUircn  and  afterwards  converted  into  steel.  The 
method  of  conducting  this  process  was  discovered  by  Mr  S. 
Lucas  of  Sheffield,  and  he  nas  obtained  a  patent  for  the  in- 
vention. 

The  invention  by  Mr  Lucas,  of  converting  edge  tools  made 
of  cast*  iron  into  good  steel,  appears  to  be  an  important  im- 

I)rovement.  It  consists  in  stratifying  the  cast  articles,  in  cy- 
indrical  metallic  vessels,  with  native  oxide  of  iron  pulverized, 
or  sand  containing  oxide  of  iron,  and  then  submitting  the 
whole  to  a  regular  heat  in  a  furnace  built  for  the  purpose,  k 
is  not  necessary  that  the  oxide  employed  should  be  a  nati»t 
oxide,  any  artificial  oxide  being  equauy  effective ;  that  kind 
which  can  be  had  cheapest  is  theref<H*e  generally  preferred. 
The  operation  may  be  thus  explained : — 

The  cast-iron,  of  which  this  cutlery  is  made,  is  brittle  in 
the  first  instance,  like  other  cast-iron,  in  consequence  of  the 
carbon  contained  in  it;  but  the  great  beat  which  it  undergoes, 
aided  by  the  pulverized  olltide,  separates  the  carbon:  this 
uniting  with  the  oxygen  of  the  ground  oxide  of  iron,  is  dissi- 
pated in  the  state  either  of  carbonic  oxide  or  carbonic  acid 
gas,  and  the  goods  are  then  converted  mio  a  state  very  simi- 
kr  to  that  of  good  cast-steel  cudery. 
To  prevent  misconception,  it  may  be  necessary  to  state, 
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that  cast-iron  which  contains  a  large  proportion  of  carbon  is 
less  brittle  than  that  which  is  combined  with  a  smaller  quan- 
tity. It  can  also  be  filed  and  cut  with  a  cold  chisel,  while 
the  latter,  although  it  may  be  more  readily  broken,  effectual- 
Iv  resists  the  action  both  of  the  chisel  and  the  file.  In  con- 
tormity  with  these  facts,  small  machinery  made  of  common 
cast-iron  may  be  softened  merely  by  cementation  with  a  car- 
bonaceous substance,  thereby  augmenting  its  dose  of  carbon, 
and  rendering  it  capable  of  being  smoothed  by  the  file. 

1  understand  that  the  best  pig-iron  is  always  chosen  for 
making  the  various  articles  of  cutlery,  while  the  poorest  iron 
ore,  if  free  from  sulphur,  may  be  pulverized  and  stratified, 
with  them  to  afibrd  oxygen* 

After  several  years'  experience,  Mr  Thomas  Lucas  has  been 
enabled  to  bring  this  process  to  such  a  state  of  perfection,  that 
his  cast  cutlery  will  bear  a  polish*  equally  brilliant  with  the 
best  cast-steel  goods,  as  1  can  testify  from  my  own  observa- 
tion ;  and  will  al^o  take  as  fine  an  ed^e,  so  that  some  of  the 
best  judges  of  cutlery  cannot  distinguish  the  difference.  When,- 
however,  the  cast  cutlery  wares,  whi^h  have  been  thus  an-- 
nealed,  are  submitted  to  the  usual  processes  of  hardening  and 
tempering,  they  are  apt  to  be  more  brittle  than  those  edge 
tools  which  are  made  in  the  usual  way  with  the  best  steel. 

It  has  also  been  fognd  that  by  varying  the  process,  small 
pig-iron  castings  can  be  converted  into  good  malleable  iron: 
in  consequence  of  this  the  Patentee  now  makes  a  great  varie- 
ty of  small  iron  utensils  by  castings  which  were  formerly  made 
only  on  the  anvil  of  the  blacksmith ;  and  when  he  has  con- 
verted the  metal  to  the  quality  of  soft  malleable  iron,  these 
articles  are  found  to  be  eoually  fit  for  a  great  variety  of  pur- 
poses, and  can  be  aifordea  at  a  much  lower  rate  than  similar 
goods  which  have  been  modelled  by  hand,  as  heretofore. 
He  has  become  so  complete  a  master  of  this  business,  that  he 
can  convert  cast-iron  goods  either  into  the  state  of  wrought 
iron  or  steel  at  pleasure. 


*  DireeUons  by  Messrs  Stodart  and  Hame  for  praservinf  polished  steel 
instruments  from  rust  by  means  of  an  ethereal  solution  of  gold,  are  given  in 
Nicholson's  Journal^  vol.  xi.  p.  216.  A  paper  by  Mr  Stodart  on  covering 
steel  with  platinom  is  printed  in  the  same  volume,  p.  282.  See  also  a  paper 
on  the  same  subject  by  Guy  ton  Morveau  in  the  Annalca  dt  Chimie,  tome  77^ 
p.  297. 
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Art.  XXXVIL — On  the  Anhydrous  Sulphurous  Acid^  and  on 
its  ajplication  to  the  LiquefacHon  of  some  other  Elastic  Fluids. 
By  M.  Bdsst,  of  the  School  of  Pharmacj.  {^Breaster's 
Jour."] 

This  very  interesting  paper  was  read  at  the  Society  of  Phar- 
macy in  Paris,  on  the  15th  March  1834,  and  is  pablbhed  in 
the  Journal  de  Pharmade  for  April  1 824.  Independently  o{ 
the  value  of  this  Memoir,  it  may  be  considered  as  confirming 
the  experiments  of  Mr  Hutton  of  Edinburgh,  who  succeeded  in 
the  year  1830,  in  freezing  alcohol  at  the  specific  gravity  of 
•798,  As  Mr  Hutton  did  not  publish  his  method,  in  conse- 
quence of  his  using  it  in  his  extensive  manufactory  of  artificial 
salts,  some  doubi  was  entertained  respecting  his  experiments ; 
but  those  who  had  opportunities  of  knowing  the  talents  and 
scientific  resources  of  that  gentleman,  never  doubted  the  re- 
ality of  his  results.  These  results,  too,  are  described  with  a 
m.inuieness  of  detail  which  no  sagacity  could  have  anticipa- 
ted ;  and  we  doubt  not  that  the  process  of  congelation  discov- 
ered by  M.  Bussy,  when  brougnt  to  higher  perfection,  will 
either  completely  establish  or  overthrow  the  detailed  results 
given  by  Mr  Hutton. 

M.  Bussy's  Memoir  is  so  interesting,  that  we  shall  gratify 
'  our  readers  by  a  translation  of  the  whole  of  it. 

^  Having  been  led,  by  researches  in  which  I  was  engaged, 
to  suppose  that  anhydrous  sulphurous  acid  could  be  obtamed 
liquia  by  a  simple  diminution  of  temperature,  I  made  some 
experiments  which  confirmed  this  opinion.  1  had  at  first  be- 
lieved that  a  considerable  reduction  of  temperature  would  be 
necessary,  and  I  consequently  collected  the  eas  in  very  pow* 
erful  frigorific  mixtures ;  but  I  soon  found  that  a  mixture  of 
two  parts  of  ice  with  one  of  muriate  of  soda  was  suflScient  ta 
liquify  completely  the  gas  without  losing  the  smallest  quantity. 

^^  The  apparatus  which  I  employed  consisted  of  a  matrass, 
in  which  I  put  equal  parts  of  mercury  and  sulphuric  acid. 
This  mixture  served  to  produce  the  gas,  which  first  passes  in- 
to a  vessel  surrounded  with  melting  ice,  in  order  to  condense 
the  greater  part  of  the  water  which  it  might  carry  along  with 
it.  It  afterwards  passes  into  a  long  tune,  filled  with  frag- 
ments of  fused  muriate  of  lime,  and  it  finally  passed  into  a 
small  flask,  surrounded  with  the  cooling  mixture,  where  it  con- 
denses itself  into  a  liquid  with  the  pressure  of  the  atmosphere* 

^^  When  obtained  in  this  manner,  the  liquid  sulphurous  acid 
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enjoys  the  following  properties :  It  is  colourless,  transparent, 
of  the  specific  gravity  of  about  1.45,  and  it  boils  at  the  tem- 
perature of  10®  below  zero,  (14°  Fahr.)  It  is,  however,  easi- 
ly preserved  at  the  ordinary  temperature,  even  for  a  long 
tmie,  because  the  portion  volatilized  produces  a  cold  suffi- 
ciently considerable  to  reduce  the  temperature  of  the  rest  be- 
low the  point  of  ebullition.  When  poured  on  the  hand,  it 
produces  a  sharp  cold,  and  completely  evaporates.  When 
poured  drop  by  drop  into  water,  at  the  ordinary  temperar 
ture,  it  occasions  a  species  of  effervescence,  owing  to  the  vol- 
atilization of  part  of  the  acid,  the  temperature  is  lowered,  and 
the  surface  of  the  water  is  covered  with  a  thick  crust  of  tee* 
When  it  is  poured  out  carefully,  it  never  mixes  with  the 
water ;  and  in  this  case  it  collects  at  the  bottom  of  the  vessel 
in  the  form  of  drops,  like  oil  that  is  heavier  than  water.  If 
it  is  then  touched  with  the  extremity  of  a  tube,  or  any  other 
body,  it  is  suddenly  converted  into  gas^  and  causes  a  kind  of 
ebullition  in  the  liquid. 

^'  Presuming  that  the  cold  produced  by  the  evaporation  of 
the  acid  must  be  considerable,  1  surrounded  with  cotton  the 
bulb  of  a  mercurial  thermometer,  and  after  having  poured 
upon  it  some  drops  of  the  acid,  I  agitated  it  in  the  am  The 
mercury  descended  regularly  to  35°  or  36°  below  zero, 
( —  32°  Fahr.)  but  when  it  reaches  this  point,  it  descends  with 
a  rapidity  which  the  eye  can  scarcely  follow,  through  a  space 
of  30°,  and  sinks  into  the  bulb.  Not  doubting  that  it  was 
frozen,  I  broke  the  instrument,  and  found  the  mercury  in  a 
solid  state. 

^The  mercury  may  be  frozen  in  a  still  more  convenient 
manner,  by  puttmg  a  small  quantity  into  a  watch  glass,  add- 
ing the  liquid  sulphurous  acid,  and  evaporating  in  the  air- 
pump.  We  may  thus  freeze,  in  4  or  5  minutes,  15  or  20 
grammes  of  mercury,  adding  as  much  sulphurous  acid.  As 
the  mercury  is  in  this  way  constantly  seen,  we  can  easily 
note  the  instant  of  congelation,  and  we  perceive  its  surface  no. 
longer  of  an  uniform  curvature,  like  a.nuid,  but  having  irreg- 
Ailar  depressions,  occasioned  by  the  process  of  crystallization. 

^'  1  have  since  attempted  the  congelation  of  ether  and  alco* 
hoi,  by  surrounding  with  cotton  some  small  balls  filled  with 
these  fluids,  pouring  on  them  sulphurous  acid,  and  placii^ 
them  under  the  receiver  of  an  air-pump.  /  have  thus  succeed- 
ed in  freezing  alcohol  of  a  strength  below  33°  (spec.  grav.  0.8  at 
55°) ;  but  I  have  not  l^en  able  <o  freeze  ether  or  absolute 
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alcatiol.  This  last,  however,  acquired  a  much  mbre  viscid 
consistency  than  it  has  in  its  ordinary  state. 

"  1  have  not  been  able  to  measure  with  accuracy  the  dif- 
ferent temperatures  which  1  obtained,  as  these  cannot  be  ta* 
ken  with  ordinary  instruments ;  but  1  expect  to  have  soon  at 
my  disposal  the  means  of  doing  this  with  precision. 

^  However  great  be  the  cold  produced  by  the  evaporation 
of  the  sulphurous  acid,  it  still  has  its  Ihnits.  When  we  evap- 
orate it,  indeed,  in  the  air-pump,  it  produces  at  first  mfuch 
fluid,  but  at  the  end  of  a  certain  time  the  acid  freezes,  and 
the  mass  of  cotton  impregnated  with  it  becomes  hard  and 
solid.  In  this  state,  its  vapour  has  only  a  feeble  tension,  and 
the  evaporation  being  greatly  retarded,  the  cooling"  stops 
much  more  quickly,  as  in  consequence  of  the  great  difference 
of  temperature  between  the  cold  body  and  the  surrounding 
medium,  the  equilibrium  between  them  tends  to  re-establisE 
itself  very  quickly. 

"  I  have  recently  tried  with  success  to  apply  the  cold  pro- 
duced by  the  evaporation  of  sulphurous  acid  to  the  liquefaC' 
tion  ol'  several  other  elastic  fluids.  In  doing  this,  I  made  the 
gas,  when  well  dried  by  the  chloride  of  calcium,  to  pass  into 
a  tube,  having  at  its  horizontal  branch  a  ball  of  thin  glass, 
while  the  vertical  branch  is  plunged  iiT  a  vessel  containing 
mercury.  I  surrounded  with  cotton  the  ball  on  the  tube 
through  which  the  gas  passes ;  and  I  poured  upon  it  some 
drops  of  the  sulphurous  acid,  which  1  volatilized  by  a  cur- 
rent of  air,  and  at  the  end  of  a  short  time  the  gas  condenses. 
I  have  thus  succeeded  in  liquefying  chlorine,  cyanogen,  and 
ammoniacal  gas,  under  a  pressure  of  some  centimetres  of 


mercury.  These  are  the  onlv  gases  which  I  have  tried  at 
present,  but  I  expect  to  be  able,  by  this  means,  to  liquefy 
many  others,  and  perhaps  all,  by  combining  pressure  with  a 
reduction  of  temperature,  particularly  if  we  employ  for  this 
purpose  bodies  such  as  ammoniacal  gas,  liquefied  cyanogen, 
&c.  which,  being  much  more  volatile  than  the  sulphurous 
acid,  may  produce  a  more  considerable  reduction  of  tem- 
perature. 

"  I  require  only  a  little  leisure  to  make  farther  experi- 
ments, which  may  be  worthy  of  being  reported  to  the  Socie- 
ty. I  shall  only  remark,  that  in  pouring  cyanogen  or  liquid 
chlorine  in  water,  an  effervescence  takes  place,  as  with  the 
sulphurous  acid,  and  a  thick  stratum  of  ice  is  formed  on  the 
surface.'' 
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^BT.  XXXVIII. — On  the  general  Nature  and  Advanidges  of 
Wheels  and  Springs  of  Carriages^  the  Draft  of  Cattle^  and  the 
Form  of  Roads.     By  Davies  Gilbert,  Esq.  F.  R.  S.  &c. 

Taking  wheels  completely  in  the  abstract,  they  must  be 
considered  as  answering  different  purposes. 

First  they  transfer  the  friction  which  would  take  place  be- 
tween a  sliding  body  and  the  comparatively  rough,  uneven  sur- 
face over  which  it  slides,  to  the  smooth  oiled  peripheries  of 
the  axis  and  box,  where  the  absolute  quantity  of  the  friction 
as  opposing  resistance  is  also  diminished  by  leverage,  in  the 
proportion  of  the  wheel  to  that  of  the  axis. 

Secondly,  they  procure  mechanical  advantage  for  over- 
coming obstacles  in  proportion  to  the  square  roots  of  their 
diameters,  when  the  obstacles  are  relatively  small,  by  increas- 
ing the  time  in  that  ratio,  during  which  the  wheel  ascends  : 
and  they  pass  over  small  transverse  ruts,  hollows,  or  pits, 
with  an  absolute  advantage  of  not  sinking,  proportionate  to 
their  diameters,  and  with  a  mechanical  one  as  before,  propor- 
tionate to  the  square  roots  of  their  diameters. 

Consequently,  wheels  thus  considered  cannot  be  too  large : 
.in  practice,  however,  they  are  limited  by  weight,  by  expense, 
and  by  convenience. 

With  reference  to  the  preservation  of  roads,  wheels  should 
be  made  wide,  and  so  constructed  as  to  allow  of  the  whole 
breadth  bearing  at  once ;  and  every  portion  in  contact  with 
the  ground  should  roll  on  it  without  the  least  dragging  or  slide  : 
but  it  is  evident  from  the  well-known  properties  of  the  cycloid^ 
that  the  above  conditions  cannot  unite,  unless  the  roads  are 
perfectly  hard,  smooth,  and  flat ;  and  unless  the  felloes  of  the 
wheels,  with  their  tires,  are  accurately  portions  of  a  cylinder* 
These  forms,  therefore,  of  roads  and  of  wheels  are  the  modeb 
towards  which  they  should  always  approximate. 

Roads  were  heretofore  made  with  a  transverse  curvature 
to  throw  off  water,  and  in  that  case  it  seems  evident  that  the 
peripheries  of  the  wheels  should  in  their  transverse  sections 
become  tangents  to  this  curve,  from  whence  arose  the  neces- 
ity  for  dishing  wheels,  and  for  bendmg  the  axes ;  which  con- 
trivances gave  some  incidental  advantage  for  turning,  for 
protecting  the  nave,  and  by  affording  room  for  increased 
stowage  above.  But  recent  experience  having  proved  -that 
the  curved  form  of  roads  is  wholly  inadequate  for  obtaining 
the  end  proposed,  since  the  smallest  rut  intercepts  the  lateral 


362  On  Whuls  and  J^ringsfor  CarriageM. 

flow  of  ihe  water ;  and,  that  the  barrel  shape  confines  car- 
riages to  the  middle  of  the  way,  and  thereby  occasions  these 
very  ruts, — roads  are  now  laid  flat,  carriages  drive  indiffer- 
ently over  every  part,  the  wear  is  uniform,  and  not  even  the 
appearance  of  a  longitudinal  furrow  is  to  be  seen.  It  may, 
therefore,  confidently  be  hoped  that  wheels  approaching  to 
the  cylindrical  form  will  soon  find  their  way  into  general  use. 

The  line  of  traction  is  mechanically  best  disposed  when  it 
lies  exactly  parrallel  to  the  direction  of  motion,  and  its  power 
is  diminished  at  any  inclination  of  that  line  in  the  proportions 
of  the  cosine  of  the  angle  to  radius.  When  obstacles  fre- 
quently occur,  it  bad  better  perhaps  receive  a  small  inclina- 
tion upwards,  for  the  purpose  of  acting  with  most  advantage 
when  those  are  to  be  overcome.  But  it  is  probable  that 
diflerent  animals  exert  their  strengths  most  advantageously 
in  different  directions,  and  therefore  practice  alone  can  de- 
termine what  precise  inclination  of  this  line  is  best  adapted  to 
horses,  and  what  to  oxen.  These  considerations  are,  how- 
ever, only  applicable  to  cattle  drawing  immediately  at  the 
carriage ;  and  the  convenience  of  this  draft  as  connected 
with  tne  insertion  of  the  line  of  traction,  which  continued 
ought  to  pass  through  the  axis  of  the  wheels,  introduces  an- 
other limit  to  their  size. 

Springs  were  in  all  likelihood  applied  first  to  carriages, 
with  no  other  view  than  to  accommodate  travellers.  They 
have  since  been  found  to  answer  several  important  ends. 

They  convert  all  percussion  into  mere  increase  of  pressure — 
that  is,  the  collision  of  two  hard  bodies  is  changed  by  the 
interposition  of  one  that  is  elastic,  into  mere  accession  of 
weight.  Thus  the  carriage  is  preserved  from  injury,  and  the 
materials  of  the  road  are  not  broken :  and,  in  surmounting 
obstacles,  instead  of  the  whole  carriage  with  its  load  being 
lifted  over,  the  springs  allow  the  wheels  to  rise,  while  the 
weight  suspendea  upon  them  is  scarcely  moved  from  its 
iorizontal  level.  So  that,  if  the  whole  of  the  weight  could 
be  supported  on  the  springs,  and  all  the  other  parts  supposed 
to  be  devoid  of  inertia,  while  the  springs  themselves  were 
very  long  and  extremely  flexible,  this  consequence  would 
clearly  follow,  however  much  it  may  wear  the  appear- 
ance of  paradox ;  that  such  a  carriage  may  be  drawn  over  a 
road  abounding  in  small  obstacles  without  agitation,  and 
without  any  material  addition  being  made  to  the  moving 
power  or  draft.  It  seems,  therefore,  propable  that,  under 
^certain  modifications  of  form  and  material,  springs  may  be 
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applied  with  advantage  to  the  very  heaviest  wagons ;  and 
consequently,  if  any  fiscal  regulations  exist  either  in  regard 
to  the  public  revenue  or  to  local  taxation,  tending  to  discour-^ 
age  the  use  of  springs,  they  should  forthwith  be  removed* 

Although  the  smoothness  of  roads  and  the  application  of 
springs  are  beneficial  to  all  carriages  and  to  all  rates  of  trav- 
elling, yet  they  are  eminently  so  in  ca&es  of  swift  convej^nce, 
since  obstacles  when  springs  are  not  interposed,  require  an 
additional  force  to  surmount  them  beyond  the  regular  draft, 
equal  to  the  weight  of  the  load  multiplied  by  the  sineof  the  angle 
intercepted  on  tne  periphery  of  the  wheel  between  the  points 
in  contact  with  thegiound  and  with  the  obstacle,  and  therefore 

5 proportionate  to  the  square  of  its  height ;  and  a  still  further 
brce,  many  times  greater  than  the  former  when  the  velocity 
is  considerable,  to  overcome  the  inertia,  and  this  increases 
with  the  height  of  the  obstacle,  and  with  the  rapidity  of  the 
motion,  both  squared.  But,  when  springs  are  used,  this  lat- 
ter part,  by  far  the  most  important,  almost  entirely  disappears, 
and  their  beneficial  effects  in  obviating  the  injuries  of  percus- 
sion are  proportionate  also  to  the  velocities  squared. 

The  advantages  consequent  to  the  draft  from  suspending 
heavy  baggage  on  the  springs,  were  first  generally  perceived 
about  40  years  since  on  the  introduction  of  mail  coaches ; 
then  baskets,  and  boots  were  removed,  and  their  contents 
were  heaped  on  the  top  of  the  carriage.  The  accidental 
circumstance,  however,  of  the  height  bemg  thus  placed  at  a 
considerable  elevation,  gave  occasion  to  a  prejudice,  the  cause 
of  innumerable  accidents,  and  which  has  not,  up  to  the 
present  time,  entirely  lost  its  influence ;  yet  a  moment's  con- 
sideration must  be  sufficient  to  convince  any  one,  that  when 
the  body  of  a  carriage  is  attached  to  certam  given  points,  no 
other  effect  can  possibly  be  produced  by  naising  or  by  de- 

f)ressing  the  weights  within  it,  than  to  create  a  greater  or  a 
ess  tendency  to  overturn. 

The  extensive  use  of  wagons  suspended  on  springs  for 
conveying  heavy  articles,  introduced  within  these  two  or 
three  last  years,  will  form  an  epoch  in  the  history  of  internal 
land  communication,  not  much  inferior  perhaps  in  importance 
to  that  when  mail-coaches  were  first  adopted,  and  the  exten- 
sion of  vans  in  so  short  a  time  to  places  the  most  remote  from 
the  metropolis,  induces  a  hope  and  expectation,  that  as  roads 
improve,  the  means  of  preserving  them  will  improve  also^ 
possibly  in  an  equal  degree,  so  that  permenance  and  ^conse- 
quent cheapness,  in  addition  to  facility  of  conveyance,  will  be 
distinguished  features  of  the  M'Adam  system.  ' 
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Art.  XXXIX.— On  Fumigation.  By  M.  Faraday,  F.  R.  S., 
Corr.  Mem.  Acad.  Sciences,  Paris,  Chem.  Assist.  Royal 
Institution,  &c.    rJ^.jj^.j,^^^ 

I  WAS  called  on  some  months  since  to  direct  and  superin- 
tend the  fumigation  of  the  general  Penitentiary  at  Milbank ; 
in  doing  which  some  precautions  and  arrangements  suggested 
themselxes,  which  I  have  thought  might  be  usefully  made 
known  for  the  information  of  those  who  ma^  have  occasion 
tQ  apply  disinfecting  agents  to  the  purification  of  buildings, 
either  large  or  small. 

On  examining  a  building  to  he  fumigated,  it  is  necessary 
to  estimate  the  surface  exf^iosed  to  the  infectious  vapours,  as 
well  as  the  capacity  of  the  structure.  When  the  air  of  a 
place  is  impregnated  with  infectious  matter,  the  surface  of  the 
walls  &c.  will  absorb  more  or  less  of  it  in  proportion  as  it  is 
more  or  less  extensive,  as  it  approaches  nearer  to  or  is  farther 
from  the  source  of  infection,  and  also  in  some  degree  accord- 
ingto  its  nature. 

The  general  arrangement  of  the  Penitentiary  was  favour- 
able to  its  complete  and  perfect  fumigation  \  for  though  of 
great  magnitude,  yet  its  division  into  smaller  parts,  as  galleries, 
towers,  staircases,  &c.,  most  of  which  were  glazed,  and  all 
of  which  could  be  closed  by  doors  so  as  to  separate  them 
from  each  other,  rendered  the  successive  application  of  the 
means  employed  easy  and  convenient. 

After  deciding  upon  fumigation  by  chlorine,  the  next  ob- 
ject was  to  ascertain  the  most  favourable  mode  of  applying 
it ;  and  I  was  desirous  for  many  reasons  of  obtaining  a  grad- 
ual and  successive  developement  of  the  disinfecting  agent, 
rather  than  a  sudden  and  short  one.  The  latter  mode,  though 
it  would  have  filled  the  building  at  once,  and  probably  very 
effectually,  yet  would  seriously  have  incommoaed  the  opera- 
tors, and  would  also  soon  have  disappeared  in  consequence 
of  absori)tion  by  the  limed  walls,  ana  from  dissipation  through 
apertures  that  would  inevitably  remain  unclosed  in  different 
parts  of  the  buildings  whilst  the  former  mode  by  continually 
supplying  the  disinfecting  agent  to  the  atmosphere  of  the 
place  for  a  length  of  time,  would  enable  it  better  to  act  on  the 
bedding,  clothing,  and  other  articles  left  in  the  cells,  and  al- 
low it  also  more  perfectly  to  penetrate  to  every  part  of  the 
building  itself. 
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The  miteriab  used  were  those  generally  employed,  namelyf 
common  salt,  oxide  of  manganese  In  powder,  and  oil  of  vitriol. 
Upon  making  experiments  with  these  substances  as  furnished 
by  the  dealer,  for  the  fumigation,  1  found  that  a  mixture  of 
one  .part  by  weight  of  common  salt  and  one  part  of  the  oxide 
of  manganese,  when  acted  upon  by  two  parts  of  oil  of  vitriol 
previously  mixed  with  one  part  (by  weight)  of  water,  and 
left  till  cold,  produced  the  best  results.  Such  a  mixture  made 
at  temperatures  of  60°  Fahr*  liberated  no  muriatic  acid ;  but 
in  a  few  minutes  began  to  evolve  chlorine,  and  continued 
to  do  so  for  four  days.  When  examined  on  the  fifth  day, 
and  urged  by  heat,  so  as  to  cause  the  liberation  of  all  the 
chlorine  that  could  be  afforded  by  it,  only  a  small  proportion 
was  obtamed.  Such  a  mixture  may  therefore  be  considered 
as  having  liberated  its  chlorine  gradually  but  perfectly,  with- 
out the  application  of  any  extraneous  heat ;  and  is  therefore 
very  proper  for  extensive  fumigation. 

The  vessels  in  which  the  mixture  is  to  be  made  should  be 
flat,  and  such  as,  being  economical,  are  least  arted^  on  by  the 
chlorine  or  acid.  Common  red  pans  were  used  iii  the  Peni- 
tentiary ;  for  many  being  required  at  once,  better  earthen- 
ware would  have  been  too  expensive.  They  held  each  about 
four  quarts. 

Preparatory  to  the  fumigation,  a  quantity  of  the  salt  was 
turned  out,  the  lumps  broken  down  by  a  mallet  until  the 
whole  was  in  powder,  and  then  an  equal  weight  of  the  oxide  of 
manganese  aaded,  and  the  whole  well  mixed.  The  acid  and 
water  were  mixed  in  a  wooden  tub,  the  water  being  put  in 
first,  then  about  half  the  acid  was  added,  stirring  at  the  same 
time.  When  the  heat  produced  has  been  dissipated,  which 
happened  in  a  few  hours,  the  rest  of  the  acid  was  added, 
stirring  as  before,  and  the  whole  left  till  cold.  The  men 
used  measures  in  mixing  the  acid  and  water,  and  were  told 
to  take  rather  less  of  water  than  of  acid,  nine  measures  to 
ten  being  nearly  the  quantities  required.  Any  slight  depart- 
ure from  these  proportions  would  be  of  no  consequence.  The^ 
pans  were  then  charged,  each  with  about  3|lb.  of  the  mixed 
salt  and  manganese,  and  distributed  at  proper  intervals  along 
the  galleries,  &c.,  care  having  been  taken  previously  to  close 
the  doors  and  windows,  and  to  stop  with  mats  or  rues  all 
apertures  to  which  access  could  be  nad,  especially  key-holes, 
through  which  there  was  any  draft.  The  diluted  acid  being 
cold  was  then  carried  in  cans  or  jugs,  and  measured  out  in 
the  proportion  of  4j^lb.  to  each  pan,  the  mixture  being  well 
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stirred  with  a  stick,  and  left  to  itself.^  TUs  was  d<me  witii- 
ottt  any  inconvenience  to  the  cq)erator,  except  when  the  acid 
was  applied  too  warm :  there  was  abundant  time  to  go  firoqn 
pan  to  pan,  and  to  ckNse  the  various  galleries  in  succession. 
On  entering  a  gallerv  a  few  minutes  after  it  had  been  tbua 
treated,  the  general  diffusion  of  the  chlorine  m  the  atmosphere 
was  sufficientlj  evident.  In  half  an  hour  it  was  often  sumost 
impossible  to  enter,  and  frequently  on  looking  along  the  gal- 
leiy  (150  feet  in  length,)  the  yellow  tint  of  the  atmosphere 
could  easily  be  perceived.  Up  to  the  fifth  day  the  odour  of 
the  chlorine  could  generally  be  observed  in  the  building. 
After  the  sixth  the  pans  were  removed,  though  sometimes 
with  difficulty,  to  be  emptied  and  used  elsewhere ;  and  the 
place  fumigated,  had  its  windows  and  doors  thrown  open. 

It  was  estimated  that  the  charge  of  each  pan  would  yield 
about  lib.  of  chlorine,  or  5|  cubical  feet.  The  whole  quan* 
tity  of  materiab  used  was  7001b.  of  common  salt,  700lb.  ox- 
ide of  manganese,  and  14001b.  of  oil  of  vitriol.  The  space 
requiring  fumigation  amounted  to  nearly  3,000,000  cubical 
feet,  and  the  surface  of  the  walls,  floors,  ceilings,  &c.,  exclu- 
sive of  furniture,  bedding,  &c.,  was  about  1,2(00,000,  square 
feet«  This  surface  was  principaHy  stone  and  brick,  most  of 
which  had  been  lime-washed.  The  space  was  divided  into 
72  galleries  of  150  feet  each  in  length,  and  towers,  passages, 
chapel,  &c.,  equivalent  to  about  1 3  galleries  more.  The  hum* 
ber  of  cells,  rooms,  JLC,  was  nearly  1200. 

It  was  desirable  for  many  reasons  that  the  Penitentiary 
should  be  fumigated  in  the  most  unexceptionable  manner,  and 
the  means  employed  were  therefore  applied  to  an  extent 
probably  far  beyond  that  requisite  to  the  destruction  of  any^ 
miasma  that  mi^ht  be  within  it.  The  proportion  of  chlorine 
evolved  to  the  size  and  surface  of  the  building  may  be  con- 
sidered therefore  as  sufficient  for  a  case  of  the  most  excessive 
kind ;  and  though  the  limits  are  guessed  at  rather  than  judged 
of  by  any  well-founded  rule,  yet  I  should  consider  from  <me 
half  to  one  fourth  of  the  chlorine  as  quite  sufficient  for  any 
of  the  usual  cases  where  fumigation  is  required. 


Art.  XL. — On  the  Boiling  Points  of  Saturated  Solutions.     By 
T.  Griffiths.     [Jour.  Roy.  Inst.'] 

To  examine  and  determine  the  boiling  points  of  saturated 
sohitions,  and  the  quantity  of  salt  dissolved  at  their  respective 
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tenqperatures,  with  tht  view,  if  possible,  of  furoishing  a  useful 
taod  interesting  table,  has  been  tne  object  of  the  present  series 
of  experiments. 

Of  the  great  number  of  saline  bodies,  the  most  important 
only  have  been  selected ;  and  of  them  perhaps  comparatively 
few,  many  others  being  so  exceedingly  soluble,  ana  changing 
their  composition  by  the  application  of  heat,  that  they  have 
necessarily  been  excluded  from  these  experiments.  The 
method  adopted  in  ascertaining  the  temperature  consisted  in 
exposing  water  with  great  excess  of  salt,  in  barrel-shaped 
porcelain  vessds  to  the  heat  of  an  argand  lamp,  a  thermome- 
ter bein^  exactly  placed  in  the  centre  of  the  liquid.  When 
the  solution  was  in  full  ebullition,  the  degree  indicated  by  the 
thermometer  was  carefully  taken,  the  barometer  on  the  days 
the  experiments  were  made,  being  at  30  inches.  In  the  fol- 
lowing Table  the  first  column  contains  the  name  of  the  salt, 
the  second  shows  the  quantity  of  dry  salt  in  100  parts  of 
boiling  solution,  and  in  the  third  is  given  its  boiling  point. 


RameofSait                                Siy  Sdt  in  IM  putt.             B^Ugc  Point 

Acetate  of  Soda 

60 

266» 

Nitrate  of  Soda 

60 

346 

RochelleSalt     . 

90 

340 

Nitrate  of  Potassa     . 

74      . 

338 

Muriate  of  Ammonia 

50 

336 

Sulphate  of  Nickel 

6fi      . 

335 

Tartarate  of  Potassa      • 

68 

334 

Muriate  of  Soda 

30       . 

334 

Nitrate  of  Strontia 

63 

334 

Sulphate  of  Magnesia 

67.6    . 

232 

Super  Sulphate  of  Potossa 

not  determined 

333 

Borax 

62.5   . 

333 

Phosphate  of  Soda 

not  determined 

333 

Sub  carb.  of  Soda    . 

not  determined 

330 

Muriate  of  Baryta 

46 

330 

Sulphate  of  Zinc      . 

46       .            . 

330 

Alum     .            .            t            . 

63 

330 

Oxalate  of  Potassa 

40 

330 

Oxalate  of  Ammonia 

29 

218 

Prussiate  of  Potassa 

56       . 

318 

Chlorate  of  Potassa 

40 

318 

Boracic  acid 

not  determined 

318 

Sulphate  Potassa  and  C<^fqper 

40 

317 

Sulphate  of  Copper 

45     . 

316 

Sulphate  of  Iron 

64 

216 

52.5     . 

• 

sie 

41.5 

• 

215 

17.5     . 

• 

315 

16.5 

. 

£14 

35 

• 

314 

not  determined 

314 

26.5 

• 

314 

9.5    . 

• 

314 

31.5 

• 
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Nitrate  of  Lead 
Acetate  of  Lead 
Sulphate  of  Potassa 
Acetate  of  Copper         • 
Prussiate  of  Mercury 
Corrosive  Sublimate 
Nitrate  of  Baryta 
Bi-Tartarate  of  Potassa 
Sulphate  of  Soda 

The  quantities  expressed  in  the  second  column  were  ascer- 
tained by  weighing  out  a  portion  of  the  boiling  solution,  and 
after  expelling  its  water  by  heat,  taking  the  weight  of  the  dry 
salt  that  remamed.  In  this  manner  it  was  expected  that  very 
soluble  salts  would  yield  the  greatest  quantity  of  dry  salt, 
and  the  highest  boiling  points.  But  in  many  instances  this  is 
not  the  case,  and  remarkably  so  with  sulphate  of  soda,  its 
solution  containing  only  31.5  p^r  cent.,  and  elevating  the 
boiling  pwnt  of  water  but  one  degree.* 

The  elevation  of  temperatui-e  does  not  seem  to  depend  up- 
on the  quantity  of  salt  present,  or  its  solubility.  Tartarate  of 
Potassa,  a  salt  very  deliquescent,  68  parts  of  which  are  con- 
tained in  100  parts  of  the  solution,  boils  at  234°,  whilst  Mur. 
Ammonia,  a  salt  unchanged  by  exposure  to  air,  of  which  but 
50  per  cent,  is  contained  in  its  solution,  boils  at  236^  A  solu- 
tion containing  ninety  per  cent,  of  Rochelle^salt  boils  at  240^^ 
whilst  one  of  Acetate  of  Soda,  containing  only  60  per  cent,  of- 
the  salt,  boils  at  256®.  Solutions  of  Prussiate  of  Mercury 
and  Bi-Tartarate  of  Potassa  boil  precisely  at  the  same  tem- 
peratures, the  former  containing  35  per  cent,  of  dry  salt, 
the  latter  only  9.6. 

The  boiling  points  of  the  following  solutions  have  not  been 
accurately  determined,  on  account  of  the  great  diflSculty  of 
making  saturated  solutions,  but  the  numbers  are  probably 
very  nearly  correct. 

Pure  Soda  420®  Solution  corroding  the  thermom- 

Nitrate  of  Ammonia    360      eter's  bulb. 
Nitrate  of  Copper       344 
Caustic  Potash  .  316  increasing  rapidly  by  continuatioa 

of  heat. 
Oxalic  Acid  234  increasing  and  subliming  at  250 


*  Id  •xperimenting  with  this  sabstance  the  crystals  of  the  salt  were  liqaefi- 
ed  by  heat,  and  boiled  in  their  water  of  crystallisation. 
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A  cttrioas  circumstance  happens  when  a  solution  of  Carb* 
Ammonia  is  exposed  to  heat;  it  seems  to  boil  at  180%  and  if 
the  temperature  be  increased,  the  salt  evaporates,  and  by  the 
time  the  water  reaches  its  boiling  point,  it  is  perfectly  free 
from  all  traces  of  the  substance. 


XU.'^Contribution  to  a  Xatural  and  Economical  History  of  the 
CocihJ^ut  Tree.  By  Mr.  Henrt  Marshall,  Surgeon  to  the 
Forces,  and  Author  of  Notes  on  the  Medical  Topography 
and  Diseases  of  the  interior  of  Ceylon.  [Mem.  Wer.  Soc^ 
Edin.] 

Th«  Coco-nut  tree  {Cocos  nucifera^j  belongs  to  the  class 
Monoecia,  order  Hexandriaf  of  the  Linna^an  classification  of 
plants. 

Stem  erect,  without  branches,  from  60  to  90  feet  in  height^ 
and  from  one  to  two  feet,  in  thickness.  It  is  marked  with 
parallel  rings  from  the  cicatrices  of  the  fallen  leaves,  about 
two  of  which  separate  annually.  By  these  cicatrices  or 
marks  the  age  of  a  tree  is  ascertained. 

The  stem  is  crowned  with  a  bunch  of  about  twelve  or 
fifteen  fronds  [palm  leaves,]  each  twelve  or  fourteen  feet  long,, 
and  composed  of  a  double  row  of  opposite  sword-shaped  leaf- 
lets, in  length  from  three  to  four  feet ;  uppci^  leaves  are  erect, 
middle  horizontal,  lower  ones  rather  drooping.  A  single  leaf 
closely  resembles  a  greatly  magnified  osirich-feather. 

The  flower  is  axillary,  and  proceeds  from  a  large  single- 
leaved  pointed  spathe,  which  always  opens  on  the  undeir 
surface.  The  spadix  is  spicatc ;  each  spike  has  towards  its 
base  one  or  two  female  flowers,  the  others  being  male.  In 
both  male  and  female  flowers  the  calyx  has  three  divisions^ 
and  the  corolla  three  petals.  The  male  flowers  have  six 
stamens,  and  the  female  three  stigmas.  Drupe  oval,  three- 
sided,  about  from  eight  to  ten  inches  long,  exterior  covering 
smooth,  interior  fibrous ;  nut  monospermous,  very  hard,  has 
three  unequal  holes  at  the  base  closed  with  a  black  membrane  ^ 
medullary  part  nearly  half  an  inch  thick,  white,  hard,  com- 
monly filled  with  a  sweetish  watery  liquid.  Ripe  nuts  are 
known  by  a  succession  of  the  water  they  contam,  when  shaken,- 

A  reticulated  substance,  resembling  coarse  cloth,  involves 
the  base  of  each  leaf;  it  falls  off  before  the  leaf  has  attained 
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a  state  of  maturity.  In  Bengal,  this  filamentous  body  ia 
supposed  u>  harbour  insects,  which  are  destructive  to  the 
tree :  on  that  account  it  is  there  destroyed  by  fire« 

The  roots  are  slender,  and  very  flexible :  they  rise  sepor 
rately  from  the  bottom  of  the  trunk,  some  sinking  deep  in 
the  earth,  whi!e  others  take  a  horizontal  direction  verv  little 
under  the  surface.  They  do  not  penetrate  an  indurated 
soil. 

The  young  tree  bears  a  near  resemblance  to  a  herbaceous 
plant ;  indeed, during  the  whole  process  of  its  growth  it  has 
some  analogy  with  vegetable  productions  of  this  kind.  The 
stalk  of  some  s|>ecies  of  Brassica  (or  Cabbage  genus)  consists 
chiefly  of  pith,  until  the  plant  attains  a  certain  age,  when  the 
exteriorcrustof  the  trunk  becomes  ligneous,  and  the  proportion 
of  pith  diminishes.  In  several  respects  the  Coco-nut  tree  has 
a  similar  progress.  It  has  no  bark ;  the  surface  appears  to  be 
formed  ol  the  cicatrices,  which  succeed  the  fall  of  the  leaves, 
«iuch  hardened  by  the  action  of  the  air  and  sun.  A  slight 
wound  in  the  central  bud  is  fatal  to  the  tree ;  but  the  hard- 
ened trunk  is  capable  of  tearing  considerable  mjury  with 
impunity. 

Coco-nut  trees  are  often  struck  bv  lightning,  which  fre- 
auently  kills  the  terminal  leaf-bud,  and  thereby  occasions  the 
death  of  the  tree.  This  tree  never  changes  the  diameter  it 
has  once  acquired.  Should  any  circumstance  occur  capaUe 
'of  retardjp^  the  growth  during  one  or  more  years,  such  as 
transplantation,  the  effect  is  very  evident  in  the  stem  by  a 
permanent  contraction  in  its  diameter.  Immediately  above 
these  strangulated  parts  small  roots  sometimes  protrude,  but 
they  seldom  extend  beyond  a  few  inches.  Frequently  the 
trunk  has  a  larger  diameter  at  the  base  and  top  than  in  the 
middle. 

The  wood  of  the  stem  is  composed  of  hard,  flexible,  ligne- 
ous, black  fibres,  united  by  a  soft  brownish  pith,  or  cellular 
substance,  capable  of  bemg  reduced  to  powder.  ^^  The 
palms  have  in  the  interior  structure  of  their  trunks  no  analogy 
with  other  trees.  In  habit  and  in  structure  they  resemble 
the  ferns,  in  their  blossom  the  grasses,  and  the  asparagi  in 
their  mode  of  fructification.'^*  AH  the  palms  have  in  a  great- 
er or  less  degree  a  spongy  structure.  The  cellular  substance 
of  the  Cycas  circinalis  [Sago-palm]  is,  in  some  of  the  islands 
of  the  Eastern  Archipelago,  manufactured  into  the  nutritive 

*  Malts  Bauir. 
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sQtetaiice  called  Sago.  The  Gefryoto  wms  [Nepery  tree] 
yielda  a  considerable  quantitj  of  fecula,  or  sago;  but  in 
Ceylon  this  substance  is  not  extracted,  except  during  a  pe^ 
riod  when  rice  is  scarce^  Sago  is  easily  obtained  from  tbe 
interior  part  of  the  trank  of  these  trees.  The  process  con- 
sists in  pounding  the  spongy  or  cellular  texture  of  the  stem, 
and  washing  it  with  water,  which  is  strained,  to  separate  the 
ligneous  fibres  from  the  feculant  substance.     The  process  of 

Cnidatine  Sago  is  not  practised  in  Ceylon.    The  exterior 
lina  and  base  of  the  stem  of  a  Coco-nut  tree  is  always 
niuch  harder  than  the  interior  and  upper  portion. 

There  is  a  palm  called  the  King^^  Coco-nut,  the  fruit  of 
which  has  a  bright  yellow  colour,  but  it  does  not  appear  to 
be  a  different  species  from  the  Cocas  mtdfera.  Nuts  of  this 
kind  contain  a  great  proportion  of  fluid,  which,  on  account 
of  its  supposed  cooling  quality,  is  given  to  invalids,  in  prefer- 
ence to  ihat  of  tbe  common  nuts ;  but  they  are  not  esteemed 
so  good  as  ccwnmon  nuts  for  cuUnary  purposes. 

The  nut  known  by  the  name  of  the  Maldive  Coco-nut, 
Coco  de  Mer,  Zee*calappers,  Taoarcarst^  Sea  C«x^o-nut, 
Double  Coco-nut,  Nux  meuica  [Borasma  Set^llensisjj  is  the 
p^dduce  of  a  palm*tree,  which  Rochon  tells  us  abounds  in 
the  Isle  of  Palms,  one  of  the  Scychelle  Islands,  but  no  where 
else*  The  fruit  presents  an  appearance  of  two  thighs ;  in 
other  respects  it  b  not  materially  different  from  the  common 
coco-nut.  The  nuts  which  are  occasionally  found  at  the 
Maldive  Islands  have  been  carried  by  the  current  from  the 
above  named  Island. 

When  the  Maldive  traders  arrive  at  the  ports  of  Galle  or 
Colombo,  in  Ceylon,  which  they  usually  da  once  a  year,  it 
is  customary  for  them  to  m^KC  a  present  to  the  governor 
of  the  island,  or  the  commanding  officer  of  the  garrison,  in 
a  very  formal  manner.  On  this  occasion,  I  -have  known  a 
small  portion  of  the  kernel  of  one  of  these  nuts  form  part 
of  the  donation ;  from  which  it  may  be  ioferred,  that  they 
imagine  it  to  be  an  article  of  some  value. 

Great  medicinal  virtues  are  ascribed  to  this  nut  by  the 
Indians,  both  in  the  prevention  and  cure  of  diseases.  The 
venereal  disease  is  supposed  to  be  radically  cured  by  it* 
Thunbero  says,  it  is  deemed  a  sovereign  remedy  against 
the  flux,  the  epilepsy,  and  apoplexy.  Kochon  tells  us  that 
it  waa  not  uncommon  at  one  time  to  see  them  sold  for  up- 
wards of  £400  sterling  each.  The  Emperor  Rodolphus- 
Ihe  Second  could  not  procure  one  at  the  price  of  4000  florins. 
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Some  of  the  wealthy  Indians  had  cups,  made  of  theoit  which 
they  ornamented  withhold  and  precious  stones.  They  are 
now  more  generally  dinused  than  formerly,  and  consequently 
much  less  valuable.  Malts  Brun  informs  us  that  it  has  been 
found  profitable  to  cultivate  them  in  the  Isle  of  France^ 
Many  of  the  mendicants  in  Ceylon  have  nuts  of  this  kind,  in 
which  they  put  the  provisions  they  receive  in  alms.* 

The  Coco-nut  tree,  both  in  regard  to  the  variety  and 
utility  of  its  products,  is  the  most  interesting  of  the  palm 
^  tribe,  "  the  pnnces  of  the  vegetable  kingdom. 

The  tree  sometimes  bears  fruit  in  five  or  six  years  from 
the  time  it  is  transplanted  from  the  seed-bed,  but  the  pro- 
duce is  rarely  abundant  before  the  eighth  or  ninth  year. 
It  continues  to  yield  fruit  for  sixty  or  seventy  years.  In 
good  soils,  and  particularly  during  wet  seasons,  the  tree 
blossoms  every  four  or  five  weeks  5  hence  there  are  gene- 
rally fresh  flowers  and  ripe  nuts  on  the  tree  at  the  same 
time.  There  are  commonly  from  five  to  fifteen  nuts  in  a 
bunch;  and  in  good  soils,  a  tree  may  produce  from  eight 
to  twelve  bunches,  or  from  80  to  100  nuts  annually. 

Coco-nut  trees  are  sometimes  much  injured  oj  various 
species  of  Scarabeus,  particularly  the  Scarabtus  rhinoceros. 
They  excavate  a  hole  of  about  an  inch  diameter  in  the  ter- 
minal leaf  bud,  and,  when  the  leaves  expand,  the  leaflets 
appear  full  of  holes,  as  if  they  had  been  battered  with  shot 
of  different  sizes.  In  consequence  of  the  injury  done  to  the 
bud  by  this  insect,  the  trees  are  sometimes  killed. 

This  species  of  the  Palm  family  has  its  habitat  in  inter- 
tropical Asia,  Australia,  America,  and  Africa.  It  is  by 
some  authors  said  to  have  in  ancient  times  been  cultivated 
in  Arabia,  but  Niebuhr  informs  us  that  it  is  not  found  to 
the  north  of  Mocha.  Like  all  other  equinoctial  plants,  the 
Coco-nut  tree ,  becomes  less  luxuriant  as  we  approach  the 
Tropics.  At  the  suggestion  of  Mr  Dunlop,  who  lately  in 
so  able  a  manner,  superintended  the  work  now  in  progress, 
to  clear  Saugur  Island,  at  the  estuary  of  the  Hoogly,  that 
den  of  tigers  is  likely  soon  to  be  a  continued  grove  of  coco 
trees.  Saugur  lies  in  N.  lat.  21^30',  which  is  perhaps  as 
far  from  the  equinoctial  line  as  this  species  of  palm  can 
be  cultivated  with   advantage.      In  the  neighbourhood  of 


*  System  of  Geography  by  Malts  Bbuh,  vol.  iv.  p.  420.    TBuvBiite't 
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LuckneV)  ivbich  lies  in  N.  lau  96"*  d4',  the  Coco^nttt  tree 
nrows,  :biit  it  does  not  produce  fruit.  I  am  informed  by 
&r  BuOBAN,  Deputy-ini^^tor  of  Hospitals,  wlio  was  for 
some  time  on  duty  in  figypt,  that  it  is  not  found  in  that 
part  of  Afirica*  As  the  Gdco  tree  seems  to  require  for  its 
perfection  a  mean  temperature  of  not  less  than  IV*  Fah* 
BBNHEiT,  the  proper  climate  for  it  will  therefore  be  from 
Che  Equator  to  the  25th  parallel  of  latitude,  and  in  the 
Equinoctial  Zone  to  an  altitude  of  about  3900  feet.  This 
^neral  statement  will  no  doubt  admit  of  Some  qualification 
m  regard  to  particular  situations.  There  may  be  exposed 
spots  within  its  favourite  climate  where  the  fruit  will  not 
come  to  maturity,  and  warm  valleys  beyond  the  above 
limits  where  the  tree  will  grow,  and  perhaps  produce  ripe 
nuts.  The  Coco  tree  occupies,  therefore,  a  zone  of  35^  of 
latitude  on  both  sides  of  the  equator,  which  includes  nearly 
four-fifths  of  Africa,  onensixth  of  Asia,  one-third  of  Ame- 
rica, and  excludes  Europe.  It  may  be  remarked,  that  trees 
which  grow  on  the  immediate  neignbourhood  of  the  sea  are 
much  more  luxuriant  and  productive  than  those  which  are 

Slanted  inland  or  upoi^  elevated  situations.  The  cause  of  this 
egeneration  is  not  very  evident,  it  cannot  invariably  be 
attributed  to  a  reduction  of  temperature.  The  Coco  tree 
IS  much  cultivated'  oh  some  parts  of  the  east  coast  of  Ame- 
rica ;  from  the  river  St  Francisco  to  the  bar  of  Maman- 
Eiape,  or  from  about  7^  30' to  10^  S.  lat.,  being  about  M 
affues,  the  Brazilian  coast  is  with  few  breaks  planted 
with  Coco  trees.  The  small  island  of  Itaroaraca,  which  is 
only  three  leagues  in  length,  yields  annually  about  360,000 
nuts.*  But  perhaps  this  palm  is  no  where  so  extensively 
cultivated  as  in  Ceylon,  and  the  following  remarks  TewBiri 
ing  its  products  are  intended  more  immediately  to  apply  to 
the  tree  as  it  grows  in  that  island.  The  Coco  tree  is  culti- 
vated both  in  the  interior  of  Ceylon  and  along  the  flat 
country  adjoining  to  the  sea;  it  tnrives  best,  however,  on 
the  coast  of  the  south-west  aspect  of  the  island,  or  from 
Calpenteen  on  the  north,  to  Dondrahead  on  the  south. 
About  the  year  1813,  it  was  estimated  that  10,000,000 
trees  grew  between  these  two  points,  and  that  since  that 
period  the  number  has  been  annually  increasing.  The  ex- 
tent of  coast  between  Dondrahead  and  Calpenteen  is  about 
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184  miles;  the  whole  circuit  of  the  island  is  754  miles* 
Except  cinnamon,  the  products  of  the  Coco  tree  form  the 
chief  staple  commodities  of  Ceylon**  The  Maldive  Islands 
produce  great  quantities  of  coco-nuts;  they  are  there  said 
to  be  the  price  of  labour.  In  Congo,  this  palm  forms  one 
of  the  greatest  blessing?  in  nature.! 

It  does  not  appear  that  the  coco-tree  is  nearly  as  much 
cultivated  in  the  West  India  islands  as  in  the  East.  Mr 
Stewart,  in  his*  account  of  Jamaica,  says,  however,  that 
^  On  some  estates  groves  of  them  are  planted,  and  an  oil 
extracted  from  them  to  light  the  works  durine  crop-time. 
Occasionally  the  nuts  are  served  out  to  the  »aves  as  an 
article  of  food." 

In  many  places  along  the  coast,  coco  trees  thrive  well 
upon  the  sandv  soil  near  to  the  sea,  where  hardly  any 
other  plant  will  vegetate.  Those  Coco  ^ves,  through 
which  the  eye  can  reach  for  a  great  extent,  mtermixed  with 
the  huts  of  the  natives,  composed  entirely  of  coco  leaves, 
form  a  very  picturesque  object.  When  the  trees  are  bill  grown, 
the  bare  trunks  rise  like  columns  of  from  60  to  90  feet  in 
height,  while  the  horizontal  pinnated  foliage  interlace,  b^ 
which  means  a  grove  resembles  the  long  aisles  and  Gothic 
arches  of  a  cathedral ;  above  these  arches  a  profusion  of  fine 
leafy  plumes  rise  from  the  centre  of  the  trees,  and  proiect 
almost  perpendicularly  towards  the  sky,  thereby  adding 
greatly  to  the  beauty  and  variety  of  the  prospect.  About 
twenty  years  since,  tne  Colonial  Government  of  Ceylon  had 
it  in  contemplation  to  impose  a  tax  upon  coco  trees,  but,  in 
consequei^ce  of  the  strongly  marked  aversion  of  the  people 
to  such  a  measure,  the  plan  was  abandoned.  It  is  not 
unusual,  however,  for  palm  trees  to  be  taxed  directly,  instead 
of  indirectly,  upon  the  products,  as  in  Ceylon.  On  the 
Malabar  coast,  coco -nuts  pay  a  land-tax  of  half  a  fanatn  for 
every  tree  that  is  in  full  bearing,  old  and  young  trees  being 
exempted  as  unproductive.  And,  at  Marzouck,  in  north^n 
Africa,  a  tax  of  one  dollar  is  levied  upon  every  300  date- 
trees.t 

*  I  baye  attemptBd  to  detail  the  leading  facts  Marding  the  natural  his- 
to^r  o(  the  CinnanoD  tree,  the  mode  of  preparation,  and  trade  of  Cinna- 
mon, In  two  papers,  one  of  which  is  published  in  the  Transactions  of  the 
Boyal  Society  or  London,  for  the  year  1817.  Tbe  other  is  inserted  in  the 
lOtn  Tolvme  of  Dr  Thomsoit's  Annals  of  Philosophy. 

t  System  of  Geography*  by  Malts  Brvn,  vol.  iv.  p^  208. 

i  BucHANAii*s  Travels  through  Mysore,  &c.  vol.  ii.  p.  401.  IiToif*s  Trav- 
elt  in  Afticm, 
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The  cottages  of  the  inhabitants  are  always  surrounded  by 
a  great  numoer  of  palm  trees,  more  particularly  of  the  coco- 
nut palm ;  and  those  plants  seem  to  thrive  best  which  are  sit- 
uated near  to  the  dwellings  of  the  inhabitants.  This  circum- 
stance has  given  rise  to  an  observation  of  the  natives,  namely, 
that  a  coco-nut  tree  deliehts  in  conversation.  The  ashes 
which  result  from  the  bumms  of  wood,  for  culinary  purposes, 
is  a  more  probable  cause  of  the  luxuriance  of  the  trees  close 
to  the  cottages,  as  the  sweepings  of  the  huts  are  generally 
deposited  at  the  foot  of  a  tree.  The  cluster  of  trees  which 
surrounds  a  hut  is  called  a  "  Toddy  tope'^  by  the  English* 
Tope  is  perhaps  a  corruption  of  our  word  copse.  Watte^  a 
Singhalese  word,  is  used  to  designate  every  description  of 
plantation.  Pol-watte  signifies  a  coco-nut  garden  or  plantation. 
1  have  already  stated  that  the  Sindialese  almost  always 
construct  their  huts  under  the  dense  shadow  of  palm-trees  of 
different  kinds.  This  comfortable  mode  of  defending  habita- 
tions from  the  direct  influence  of  an  ardent  sun,  seems  to  have 
in  ancient  times  been  practised  in  Jodea  (Judges,  iv.  5.),  and 
it  is  very  generally  adopted  in  all  countries  where  the  palm 
family  is  found  to  thrive. 


Stnontmbs. 


Xari  Kaylum  TangctdrCy 

Polgaha^ 

Palma  Indica  coccifera  angulosa^ 

Calappd  Palma  indica  major^ 

Tenga 

Taygana 

Tenkay^  Karica  Kcbari^ 

Cagolli, 

Mas(^ua  Inaiguarutbaj 

CayDua, 

YdiXa, 

Cocos  Palma^ 

Cocotier  or  Cocos^ 

Coco  or  Coconut  tree^ 

When  very  youTC,  the  firuit  is  called  Bellaea  by  the  in- 
habitants of  the  Malabar  Coasts  who  speak  the  Tamool  lao- 
^age,  and  Coquivhm  by  the  PortHffi^ese;  Singhalese,  i^oo- 
TOfmAa.  When  fully  formed,  but  with  a  soft  pulp,  it  is  called 
Elani  by  the  Tamools,  in  Portuguese  Lania.  When  a  little 
firmer,  it  is  called  Tenga  in  the  Tamool  language,  and  Coqm 


Sanscrit. 

Singhalese. 

Burman.  Zeyl. 

Rumph.  amb. 

Rheede. 

Canarese. 

Telinga. 

Mexican. 

Brasillian. 

Cochin  Chinese* 

Chinese. 

Loureiro. 

Labat. 

English. 


»7e  HUtmry  rfOn  CocfhNut  Trm. 

kk  the  PortugueBe.    The  maUire  nut  u  called  Cottm  Unga  by 
the  Malabars,  and  coquo  aicee  by  the  Portuguese.    In  the  Sinr 

fhalese  language,  we  nut  is  called  Pol.  The  tenn  Coco^ 
y  which  this  palm  and  its  fruit  is  distinguishedi  is  said  by 
several  authors  to  be  of  Portuguese  origin.  Baohih  tells  us, 
that  Coco  or  Co^pun,  is  derived  from  the  Uiree  holes  at  the  end 
of  the  nut,  givmg  it  the  resemblance  oft  a  Cm<^thecus,  a 
species  of  menkey.  St  Pisrhs,  in  his.  Harmonics  of  Mature, 
says,  that  a  coco-nut,  stripped  of  its  pericarp,  bears  an  exact 
resemblance  to  ihe  head  of  a  nejpro.  Piso  asserts,  chat  the 
term  Coco  has  been  applied  to  the  tree,  on  account  of  the 
sound  emitted,  when  air  is  blown  into  one  of  the  holes  of  the 
nut,  having  a  resemblance  to  the  voice  of  an  ape*  The 
Portuguese  name  for  a  monkey  is  macacot  or  macoco^  There 
is,  however,  better  foundation  for  supposing  that  Coco  ia  de« 
,  rived  irom  the  Greek  word  »««•(,  #  sud  or  berry. 

Uses. 

£o#(tf»— This  part  of  the  tree  ia  sometimes  masticated  by 
the  natives  in  place  of  the  areca»nut.  The  Brazilians  make 
baskets  of  the  small  roots. 

The  hard  woody  shell  or  crust  of  the  trunk  is  employed 
by  the  natives  in  making  drums,  and  in  the  construction  of 
their  huts,  &c.  It  is  also  much  employed  for  making  gutters. 
Towards  the  base  of  the  trunk  the  wood  is  remarkably  hard, 
and  admits  of  a  high  polish.  A  transverse  section  of  this 
part  of  the  tree,  when  well  polished  and  varnished,  has  a 
lapideous  gloss  and  beauty,  which  rival  those  of  an  a^te.  I 
have  seen  a  polished  portion  of  the  wood  set  in  the  lid  of  a 
silver  snuff-box,  m  the  same  manner  as  iewellers  occasionally 
fix  agates  or  cornelians.  It  mi^ht,  I  think,  be  found  highly 
useful  in  ornamental  cabinet-work. 

In  some  parts  of  the  world,  I  am  informed  that  a  kind  of 
cradle  or  couch  for  young  infant^  id  made  of  the  reticulated 
substance  formed  at  the  base  of  the  leaf.  I  never  saw  it 
applied  to  this  purpose  in  Ceylon ;  it  is  there  chiefly  employ- 
ed as  an  instrument  of  filtration,  for  straining  the  sweet  juice 
which  is  extracted  from  the  flowering  spath  of  this  tree.  The 
Eeverend  J.  CoamNan  asserts,  that  it  ^^  is  manufactured  into 
a  durable  sackcloth,  called  gunny^  which  is  used  in  making 
bags  for  transporting  grain,^'  &c. ;  and  Captain  Psrcival 
says,  that  it  is  manufactured  into  a  coarse  cloth  called  grtn- 
jmktn  (I  presume  he  means  ganja  sakken)  or  gunny-cloth.  If 
I  mistake  not,  their  statements  are  erroneous;  gunny-cloth  in 
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made  of  hemp*  Gunnj  or  Goni  is  not  improbablj  a  corrup- 
tioa  of  ganja,  the  Hindostanee  name  of  the  hemp-plant  ICan" 
nobis  Mfowl.  According  to  Buchanan^  goni-cloth  is  made  from 
the  JawupaXCroioiaria  juncea}.*  Sacks  made  of  goni-cloth,  are 
in  India  called  gunny-bagi  by  the  English,  and  ganja  $akken 
by  the  Dutch. 

The  unexpanded  leaves  or  terminal  leaf  bud  is  occasional- 
ly eaten  by  the  Europeans  as  well  as  by  natives*  When 
boiled  it  is  lender,  and  forms  a  good  substitute  for  cabbage. 
The  natives  sometimes  preserve  it  in  vinegar,  and  eat  it  as 
a  pickle.  It  may  be  observed,  that  the  tree  dies  when  ibis 
part  is  removed. 

Many  of  the  indigenous  inhabitants,  as  well  as  natives  of 
Europe,  thatch  their  houses  with  coco-nut  leaves,  in  the  Sin- 
ghalese language  called  polattu.  Sometimes  they  are  deno- 
minated oUahs^  and  at  other  times  cadjans.  The  latter  term 
has,  I  believe,  a  Malay  origin.  To  prepafe  cadjans^  the  cen- 
tral ligneous  portion  of  the  leaf  is  divided  longitudinally,  the 
leaflets  of  each  half  are  then  plaited  or  interwoven,  by  which 
means  they  are  adapted  for  a  variety  of  uses.  In  this  state 
they  are  employed  to  thatch  cottages,  to  shelter  young  plants 
from  the  scorching  rays  of  the  sun,  to  construct  fences,  to 
form  the  ceiling  of  rooms,  and  to  make  baskets  for  carry- 
ing fruit,  fish,  &c.  Sometimes  baskets  are  made  of  palm- 
leaves,  so  close  as  to  serve  the  purpose  of  buckets  to  draw 
water  from  deep  wells.  In  the  Maldive  Islands,  bonmita^ 
a  species  of  fish,  is  preserved  by  a  process  in  which  coco- 
leaves  are  employed.  The  process  consists  in  removing  the-r 
back-bone,  and  laying  the  fish  in  the  shade,  occasionally 
sorinkling  it  with  sea-water.  After  a  certain  period  has 
elapsed,  the  fish  is  wrapped  up  in  coco-nut  leaves,  and  buried 
in  sand,  where  it  becomes  hard.  Fish  thus  prepared,  is  . 
known  in  Ceylon,  and  perhaps  over  all  India,  by  the  name  of 
cunmelmus.  The  pieces  of  this  fish  brought  lo  the  market 
have  a  homy  hardness.  It  is  rasped  upon  rice  lo  render  it 
savoury. 

The  unexpanded  leaves  are  employed  lo  shew  marks  of 
respect  to  persons  in  power.  When  the  Governor  or  Chief- 
Justice  travels,  lines,  made  of  the  stems  of  creeping  plants, 
are  slrelched  along  on  each  side  of  the  road,  about  three  or 
four  feet  from  the  ground.      Upon  these  lines  young  palm- 
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leaves  arc  suspended.  The  head  civil  servant  of  a  district 
may  command  the  inhabitants  under  his  immediate  control 
to  adorn  the  road  along  which  he  passes,  but  he  is  not 
warranted  in  claiming  this  mark  of  attention  beyond  his  own 
district. 

The  immature  leaves  of  the  coco-nut  tree  have  a  fine 
yellow  colour,  and  a  beautiful  texture  resembling  fine  leather 
or  satin.  In  some  parts  of  Ceylon,  the  natives  evince  great 
taste  in  ornamenting  triumphal  arches,  as  also  ball-rooms, 
and  similar  places  of  public  resort,  with  the  leaves  of  this 
tree,  and  some  remarkably  beautiful  spieces  of  moss.  As 
the  young  leaves  are  translucent,  they  serve  to  make  lanterns, 
in  the  construction  of  which  many  of  the  inhabitants  are  very 
dexterous. 

The  practice  of  shewing  respect  to  individuals  by  means 
of  the  branches  of  palm-trees  appears  to  be  very  ancient. 
iSee  Matthew  xxi.  8,  Mark  xi.  8,  and  John  xii.  13.  The 
foliage  of  the  palm  tribe  of  plants  has  been  in  many  coun- 
tries considered  an  emblem  of  joy  and  victory,  and  hence 
the  word  palm  is  sometinics  employed  as  a  synonyme  of 
victory  and  triumph.  See  Leviticus  xxiii.  40.  In  ancient 
times,  when  pilgrims  resorted  to  Palestine,  they  commonly 
returned  bearing  palm-leaves ;  on  this  account  they  w^*e 
denominated  Palmers.  Captain  Lton,  when  describing  the 
amusements  of  the  natives  of  some  parts  of  northei*n  Africa, 
informs  OS,  that  the  dancers  "  were  directed  by  an  old  woman, 
with  a  torch  in  one  hand,  and  a  long  palm-branch  in  the 
other,  and  sung  in  chorus^  verses  which  she  repeated  to  them.'' 
In  the  island  of  Otaheilc,  the  female  inhabitants  wear  bonnets 
constructed  of  the' leaflets  of  the  coco;  and,  in  Ceylon,  the 
.European  soldiers  manufacture  hats  of  small  strips  of  the 
leaves,  in  the  same  manner  that  straw-hats  arc  made.  Indeed, 
l)road-brimmed  bats  of  this  construction  are  fi'equently  worn 
both  by  Europeans  and  natives,  particularly  by  fisher- 
men, who  arc  much  exposed  to  the  direct  rays  of  an  ardent 
sun. 

The  leaflets  are  sometimes  used  to  write  upon,  and  th# 
in.^t!»ument  employed  to  make  the  impression  is  an  iron  sty- 
lus. The  leaves  of  the  Palmyra  [Borasms  fiabelliformis\ 
or  Talipot  [Corypha  umhraculifera^  are,  however,  much  more 
frequently  employed  for  this  purpose.  Contracts  and  other 
legal  instruments  are  often  engraven  upon  tables  of  copper, 
which  have  occasionally  a  border  of  silver.  An  allusion  is 
made  to  llie  practice  of  writing  upon  tables  in  Isaiah  xxx.  8, 


MUtorjf  of  the  Coeo^J^ut  Tree.  379 

and  Habakkuk  ii.  3*  Palm«leaves  generally  undergo  some 
preparation  to  fit  them  to  receive  the  impression  of  the  stylus. 
Thev  are  then  called  oUahs.  The  natives  write  letters  to  one 
another  upon  ollahs,  which  are  neatly  rolled  up,  and  some- 
times sealed  with  a  liule  gum-lac.  During  the  operation  of 
writing,  the  leaf  is  supported  by  the  left  hand,  and  the  letters 
scratcned  upon  the  surface  with  the  pointed  piece  of  iron. 
Instead  of  moving  the  hand  with  which  they  write  towards 
the  right,  they  move  the  leaf  in  a  contrary  direction,  by  means 
of  the  thumb  of  the  left  hand.  To  render  the  characters  more 
legible,  the  engraved  Hues  are  frequently  filled  by  besmear- 
ing the  leaf  with  fresh  cow  dung.  This  substance  i»  then 
tinged  black,  which  makes  the  writing  very  plain.  Some- 
times this  object  is  obtained  by  rubbing  the  lines  over  with 
coco-nut  oil,  or  a  mixture  of  oil  and  charcoal  powder.  The 
natives  do  not  require  tables  to  write  upon  ;  they  can  write 
standing  as  well  as  walking. 

Baskets  for  catching  fish,  shrimps,  &c*  are  made  of  the 
ligneous  ribs  of  the  leaflet ;  the  same  substance  is  employed 
by  the  natives  for  many  of  the  purposes  for  which  we  use 
pms.  A  bundle  of  these  ribs  is  in  universal  use,  as  a  broom, 
to  sweep  the  cottages ;  and  when  an  European  asks  for  a 
tooth-pick,  his  servant  brings  him  a  portion  of  one  of  these 
fibres*  Lately,  I  am  informed,  they  have  been  recommended 
to  be  employed  as  a  nucleus  for  bougies. 

In  a  domestic  state,  elephants  are  fed  chiefly  upon  coco- 
nut leaves,  and  this  animal  evinces  much  sagacity  in  sepa- 
ratbg  the  elastic  woody  fibre  from  the  thinner  margin  of  the  leaf. 

For  temporary  purposes,  cadjan-houses  are  frequently 
constructed,  both  by  natives  and  Europeans.  During  the 
insurrection  in  the  Kandyan  country- in  1818,  many  of  the 
sick  were  accommodated  in  cadjan-hospitals.  Except  the 
frame-work,  every  part  of  the  house,  walls,  and  roof,  is  form- 
ed of  coco-nut  leaves.  They  are  capable  of  resisting  all  kinds 
of  weather  for  a  year  or  more. 

To  prevent  thieving,  the  owners  of  topes  frequently  fix  a 
«oco-nut  leaf  along  the  stems  of  fruit-trees.  As  the  leaf 
rustles  much  when  touched,  a  thief  is  cautious  of  ascending 
the  trunk  of  the  tree,  lest  he  should  alarm  some  of  the  in- 
mates of  the  neighbouring  huts.  Thunbero  mistook  the  use 
of  these  leaves,  and  supposed  that  they  supplied  *'  the  place  of 
ladders,  by  meaiis  of  which  the  natives  could  climb  up,  and 
gather  the  fruit."* 

•  Travels,  vol.  iy.  p.  102. 
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In  warm  eliinates,  it  is  costomarr  to  travel  during  night, 
with  the  view  <tf  avoiding  the  inflaence  of  an  ardent  sun. 
Torches  then  become  necessary,  and  coco-nut  leaves  are 
chiefly  employed  for  this  purpose.  By  tying  the  leaflets 
close  to  the  centre-rib  of  a  leaf,  the  ignition  is  prevented 
from  being  tp  rapid.  Torches  of  coco-nut  leaves  are  com- 
monly denominated  chaU  [ooloo  attUj  Singhalese] ;  they  are 
in  constant  use,  to  obstruct  the  inroads  of  wild  beasts  upon 
cultivated  fields,  more  particularly  of  elephants.  In  the  in- 
terior of  Cej^lon,  every  field  under  cultivation  must  be  watch- 
ed during  night,  to  prevent  the  depredations  which  would  be 
made  upon  the  crops,  were  these  animals  to  have  free  ingress. 
When  burned,  the  coco-nut  tree,  especially  the  leaves  afibrd 
a  large  proportion  of  potash.  The  caste  of  washermen  avail 
themselves  of  this  quality,  and  procure  all  the  potash  they 
require  by  the  incineration  of  different  parts  of  the  tree. 
Soap  is  very  little  used  by  the  native  washermen  in  Ceylon. 

Ek>ats  are  rowed  with  the  centre-rib  of  the  leaf,  in  which 
4>peration  it  forms  a  substitute  for  paddles.  The  end  of  this 
part  of  the  leaf  is  sometimes  well  bruised,  and  thereby  con- 
verted into  a  brush,  that  may  be  used  for  a  variety  of  purpos- 
es. 

The  spaths,  or  fibrous  covering  of  the  blossoms,  are  in- 
flammable ;  on  that  account  they  are  often  employed  as  torch- 
es. In  some  parts  of  India  this  part  of  the  tree  is  soaked  ia 
water,  and  converted  into  coarse  cordage,  with  which  the 
thatch  of  houses  is  tied. 

(To  be  continued.) 


Art.  XLII.— Ort  a  Method  of  Splitting  Rocks  hy  Fire.  By 
John  MacCulloch,  M.  D.  F.  R.  S.  F.  L.  S.  and  M.  Q.  S. 
Chemist  to  the  Board  of  Ordnance,  and  Professor  of  Che- 
mistry in  Addiscomb  College.  Communicated  by  the 
Author.    [Brewsttrh  Jour.] 

Many  large  tracts  of  the  mountainous  land  of  Scotland, 
which  posses  an  excellent  soil  capable  of  cultivation,  are  in- 
cumbered by  huge^-alluvial  or  detached  blocks  of  stone ;  and 
the  expense  of  removing  these  from  the  surface  forms,  in 
many  cases,  nearly  the  whole  difficulty  which  stands  in  the 
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way  of  their  improYemeiiU  Where  dikes,  or  stone^walls  are 
required  to  enclose  such  land,  the  expense  of  thus  clearing 
the  soil  is  materially  diminished  by  the  countervailing  value 
of  the  quarry  which  the  field  itself  thus  affords*  But  even 
in  these  cases,  where  the  blocks  are  too  large  to  be  weighed 
and  removed  entire,  a  considerable  expense  is  incurred  by 
the  necessity  of  blasting  them  by  gunpowder  until  they  are 
reduced  to  a  portable  dimension*  This  however,  is  the 
practice  almost  universally  resorted  to  in  Scotland;  and 
every  where,  I  believe,  throughout  Britain,  where  this  kind 
of  improvement  is  carried  on. 

In  making  the  Highland  roads  also,  where  it  is  generally 
necessary  to  provide  a  quantity  of  stone  for  the  masonry  re- 
quired in  supporting  the  lower  side  of  the  road,  in  fortifying 
the  upper  bank,  ana  in  the  construction  of  drains  and  bridges, 
it  is  usual  to  have  recourse  to  such  blocks,  wherever  the  road 
itself  is  not  carried  through  rocks  in  such  a  manner  as  to 
produce  the  necessary  quantity  of  materials.  In  this  case 
also,  the  process  of  blasting  is  adopted,  as  it  necessarily  is, 
whenever  solid  rocks  are  to  be  cut  down  or  levelled. 

This  process  is  both  tedious  and  expensive,  but  the  price, 
of  course,  varies  with  the  wages  of  labour  in  different  places. 
Where  I  am  writing,  it  is  now  2d.  per  inch,  and,  according 
to  the  dimensions  or  nature  of  the  rock  to  be  split,  the  mine 
varies  from  eighteen  inches  to  two  feet  in  depth,  or,  exclu- 
sive of  the  expense  of  gunpowder,  the  cost  of  this  mine  or 
blast  hole  will  range  from  3s.  to  48.  It  will  be  a  very  mode- 
rate calculation  to  estimate  twelve  inches  for  one  mine,  or  3s. 
for  every  large  stone ;  and  in  most  parts  of  the  Highlands, 
or  of  Scotland  in  general,  this  is  nearly  a  day's  labour  for  a 
man,  on  account  of  the  time  expended   in  coming  to  the 

f round  and  in  returning.  To  this  expense,  however,  must 
e  added,  not  only  the  price  of  the  gunpowder,  but  that  of 
sharpening  the  gads,  which  is  considerable,  and  the  other 
wear  and  tear  of  tools.  I  cannot  here  procure  an  exact  e^ 
timate  of  these  expenses,  nor  is  it  material,  as  it  will  easily  be 
calculated  by  all  those  who  have  an  interest  in  doing  so,  or 
have  such  work  in  hand.  I  need  only  add,  that  as,  in  many 
cases,  the  quantity  of  such  stones,  on  ground  otherwise  fit  for 
cultivation,  is  enormous,  it  is  material  to  find  out  the  means, 
of  diminishing  an  expense  which  may  exceed  the  .fee-simple 
of  the  land  when  cleared.  The  same  reasoning  applies  to 
the  Highland  roads,  which,  from  their  expensive  construc- 
tion, trench  so  deeply  on  the  funds  provided  for  them,  that 
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nothing  remains  to  replace  the  aecidents  arising  from  tor- 
rents or  other  causes,  or  for  the  purposes  of  ordinary  repairi. 

The  contractor  for  a  road  from  Loch  Ewe  to  Gerloch, 
who  resides  at  this  place,  finding  it  difficnit  to  cany  en  Ua 
vrork  at  the  contract  price,  has  abandoned  the  proceas  of 
blasting,  and  has  had  recourse  to  fire  alone;  and  iti  this  waj 
be  has  now  conducted  his  road  for  some  miles  with  a  great 
saving  of  both  time  and  labour.  Whether  he  has  had  aoj 
precursor,  except  Hannibal,  in  this  practice,  1  know  not,  as  I 
nave  not  found  it  in  u^e  elsewbere  in  any  part  <rf  Scotland ; 
but  he  appears  at  any  rate  to  have  the  merit  of  an  ordinal 
inventor,  as  he  had  heard  neither  of  any  predecessor  nor  rival 
in  his  art* 

In  conducting  the  process,  a  fire  of  peat  is  made  on  the 
surface  of  the  stone,  and  being  then  secured  at  the  mai^gin 
by  stones  and  turf,  it  is  kept  in  activitv  for  five  or  six  honra. 
At  the  beginning  of  his  career,  when  the  fire  was  extihgaiab* 
ed,  Mr  Mackenzie  was  in  the  habit  of  throwing  water  on  the 
rock,  which  was  then  found  to  open  in  different  places,  in 
such  a  manner  as  easily  to  admit  a  wedge  or  two,  and  thos 
to  be  split  by  a  few  blows  of  the  sledge.  But  finding,  in 
some  situations,  that  it  was  difficult  to  procure  water,  and 
that  the  expense  was  thus  materially  increased,  he  abandoned 
this  part  or  the  process,  and  now  finds  that  the  stone,  on  cool- 
ing, is  equally  nssured,  and  equally  admits  the  wedge. 

On  examining  the  nature  of  the  rocks  submitted  to  this 
process,  I  doubted  its  efficacy,  and  was  only  convinced  by 
witnessing  the  effects.  They  consisted  of  the  roughest  va- 
riety of  gneiss ;  that  kind  which  is  composed,  in  a  grent  de- 
gree, of  compact  feldspar,  and  of  varieties  equally  tough  and 
refractory,  of  hornblende  rock  or  hornblende  schist*  Nar 
could  any  fissures  be  discovered  in  the  blocks  before  the  ao» 
tion  of  the  fire,  by  which,  if  not  produced,  they  were  at  least 
enlarged  from  a  state  previously  invisible.  As  these  are  the 
only  rocks  which  this  part  of  the  country  afibrdk,  I  cannot  sav 
whether  the  same  effects  would  be  found  to  take  place  in  au, 
more  particularly  in  granite.  It  is  probable,  however,  that 
ev^ry  rock  is  equally  susceptible  of  being  split  by  the  same 
cause ;  as  there  are  none  in  nature  more  compact  and  mcftt 
apparently  free  from  flaws,  than  those  in  which  the  proceti 
succeeded  at  Loch  Ewe. 

It  is  easy  to  understand  how  the  effect  is  prdduced,  as  it  is 
in  glass,  by  the  unequal  expansion  of  the  parts,  even  without 
the  assistance  of  water ;  and  it  t9  equally  easy  to  comprebcirf 
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• 
tew  a  fire  of  Mly  three  or  four  feet  in  diameter  U  iliat  capa* 
ble  of  acting  on  a  stone  of  man^  tons  in  weight. 

it  fe  probable  that  the  quantity  of  fire,  as  well  as  its  dara- 
lion,  must  be  made  to  vary  with  the  dimensions  of  the  block 
to  be  split ;  but,  in  all  tbe  instances  which  he  had  attempted, 
ke  had  not  at  this  time  experienced  a  single  faHure,  though  a 
very  considerable  number  of  rocks  had  beea  removed  in  con- 
ductine  the  road  for  a  space  of  about  five  miles. 

•  At  Uie  place  in  question,  the  peat  was  every  where  at 
band,  and  required  scarcely  any  expense  <rf  carriage ;  none 
other,  m  short,  but  that  of  being  cut  and  cast  in  readiness 
for  use  whenever  it  was  wamed.  Wherever  it  may  requhre  a 
distant  carriage  in  addition  to  that,  it  is  evident  that  the 
ckai^  will  be  augmented.  In  Highland  road-making,  peat 
is  rarely  far  oS^  and,  indeed,  when  it  is  not  at  hand,  the 
same  purpose  amy  be  served  bjr  the  heath  and  turf,  which  is 
every  where  present,  and  of  which  a  ereat  quantity  is  neces- 
sarily removed  in  Uaing  out  the  roacL  In  clearing  land  in 
the  Highlands,  the  same  reasomac  applies,  as,  either  peat  is 
seklom  far  distant,  or  the  land  nseff  furnishes  brush-wood 
and  weeds.  These  are  often  burnt  for  no  other  purpose  than 
that  of  destroying  them,  and  procuring  the  ashes  and  burnt 
earth  attached,  which  are  found  to  form  an  useful  manure ; 
Irhile  by  making  this  use  of  them  the  same  produce  wouUl  be 
obtained  in  addwon  to  the  other  advantages. 

In  clearing  land  by  this  process,  it  woldd  be  neciessary  to 
form  previous  deposits  of  fuel  in  convenient  parts  of  the  mid, 
diat  ne  in^ediment  might  take  place  during  the  process  of  firing, 
bot  that  aul  the  labour  required  for  the  several  parts  of  the 
work,  may,  at  one  time,  be  directed  to  one  ob^ct  only. 
Thus(  the  labour  which,  during  one  period,  has  been  expended 
in  distributing  the  fuel,  will,  b  the  second,  be  engaged  in  fir- 
ing the  stones ;  and,  in  the  third,  in  splittijlg  tbem  by  the 
wedge,  when  they  will  be  te^dy  for  removal,  either  by  the 
(ikqgand  gih,  6r  by  the  more  common  proceetKngs. 

h  wjU  be  seea  that,  in  this  case,  the  groat  saving  6f  labour 
lakes  place  in  the  firing,  as  one  man  can  attend  a  donsidera- 
ble  number  of  fires  over  a  lar^  space,  afnd  thus,  in  a  single 
^y^  prepare  an  extensive  tract  for  the  hammer  and  Wedge. 
Thus,  it  is  calculated,  that  the  firing  and  the  previous  labour 
of  collecting  fuel  will  not  exceed  the  price  of  tools  and  gun- 
powder, and  tk^  comparison  will  then  remab  between  the 
time  or  kbour  reqnirra  to  bore  so  many  mines,  or  to  split  the 
Uad&i  by  the  Itodge^    Tbeifte  are  data  easily  ascertained 
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with  very  little  attention ;  and  if,  on  more  extended  trial!l^  the 
balance  in  favour  of  the  method  used  at  Loch  Ewe  shall  be 
found  to  correspond  elsewhere,  as  it  has  there  done,  it  will  be 
found  a  valuable  acquisition  both  to  road-makers  and  to  im- 
provers of  rough  land  in  the  Highlands. 

It  remains  to  be  ascertained  to  what  extent  the  same  prac- 
tice is  capable  of  being  a{q>lied  in  splitting  solid  rocks,  no  ne- 
cessity for  thb  having  occurred  at  the  place  in  question. 

It  is  evident  that  it  will,  in  this  case,  be  limited  in  manj 
places,  by  the  fcMin  of  the  rock,  as  the  fire  cannot  often  be 
eflfectually  applied  except  to  a  horizontal  surface.  But, 
doubtless,  many  cases  will  occur  where  this  practice  can  be 
brought  into  use  with  economy. 


AaT.XLlIL — A  Demmstration  ofiht  47  th  Proposition  of  Euclid. 

Mestrt.  The  EdUortofthe  Botton  Jowmal. 

Th«  enclosed  demoostratioo  of  Eoclid's  47th  Proposition  miv  be  interest- 
ing to  some  of  your  readers.    If  you  think  so,  you  may  publish  it. 
Tour  Obt.  Servt. 

WARREN  COLBURN. 
Outnufofd,  Dee.  28, 1824. 

PROPOSITION. 

In  any  riffht  angled  triangkj  the  square  described  vpon  the- 
side  opposite  tfte  right  angle  is  eqtuil  to  the  sum  of  the  squares 
described  upon  the  other  two  sides. 

Denumsiration.^  Let  ABC  be  a  triangle  right-angled  in  C ; 
ABDE  a  square  described  upon  the  side  AB  opposite  to  the 
right  angle,  so  as  to  include  the  triangle ;  ACFH  a  square 
described  upon  AC,  the  longer  leg,  so  as  not  to  con- 
tain the  triangle ;  and  BCIK  a  square  described  upon  BC, 
the  shorter  leg,  so  as  to  contain  part  of  the  triangle. 

p  Produce  AE  if  necessary,  until  it 

meets  HP  in  E\  BCF  is  a  straight 
line,  because  both  angles  at  C,  are 
right  angles.  Take  BN  equal  to 
AC  and  draw  DN. 

The  irregular  figure  AILBMEA 

is    contained   within    the    square 

ABDE,  and  it  also  forms  a  part  4>f 

>  the  squares  ACFH  and  BCIK. 

The  angle  B  AF  is  equal  to  CAH, 

being  qght  angles.     Take  away 
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the  part  CAE  common  to  both,  and  there  remains  the  angle 
BAC  equal  to  E'AH.  The  angle  H  is  equal  to  ACB,  being 
both  right  angles ;  and  the  side  AH  is  equal  to  AC^  they  be> 
ing  sides  of  the  same  square ;  therefore  the  triangle  A  HE'  is 
equal  to  ABC. 

But  the  line  AE  is  equal  to  AB,  they  being  sides  of  the 
same  square,  therefore  the  line  A£  is  equal  to  AE',  that  is, 
the  line  HF  passes  through  the  point  E  of  the  square  ABDE. 

The  angles  BAC  and  ABC  are  together  equal  to  a  right 
angle,  and  the  angles  ABC  and  DBN  are  together  equal  to  a 
right  angle;  therefore  the  an^le  DBN  I9  equal  to  BAC. 
The  side  BD  is  equal  to  AB,  being  sides  of  the  same  square, 
and  the  side  BN  is  equal  to  AC  by  construction,  therefore 
the  triangle  BDN  is  equal  to  ABC.  But  the  triangle  AHE 
is  e(]ual  to  ABC,  therefore  the  triangle  AHE  is  equal  to 
BDN. 

The  line  BK  is  equal  to  BC,  being  sides  of  the  same  square, 
and  DN  is  equal  to  BC,  because  the  triangle  BDN  is  equal  to 
ABC;  therefore,  BK  is  equal  to  DN,  and  the  angles  at  N, 
being  right  angles  for  the  same  reason,  are  equal  to  the  angle 
K.  The  angle  DMN  is  equal  to  ABC,  being  corresponding 
angles  with  regard  to  the  parallels  AB  and  uE ;  but  the  an- 
gle BLK  is  equal  to  ABC,  being  alternate  with  regard  to  the 
parallels  BC  "and  KI ;  consequently  the  angle  BLK  ia  equal 
to  DMN;  also  the  angle  KBL  is  equal  to  NDM,  therefore 
the  triangle  BKL  is  equal  to  DNM. 

The  angle  EMF  is  equal  to  DMN,  which  is  equal  to  CBA, 
which  is  equal  to  ILA  ;  and  F  and  I  being  right  angles,  the 
angle  FEM  is  equal  to  lAL.  The  line  HF  being  equal  to 
AC,  and  the  part  HE  being  equal  to  IC,  the  remaining  part 
EF  is  equal  to  AI;  therefore  the  .triangle  EFM  is  equal 
to  AIL. 


eitntvul  UnttlUfitntt. 

Red  Sito».-— M.  Wrangcl  has  lately  published  Microscopi- 
cal and  Physiological  observations  on  the  Lepraria  kermtsina^ 
which  covers  the  rocks  in  Sweden,  and  gives  them  a  beauti* 
ful  crimson  colour.  He  has  kept  an  accurate  journal  of  the 
changes  which  this  vegetable  undergoes  from  day  to  day 
in  water.     T'he  ropk  which  he  selected  for  his  observa- 


386         <  Omeral  InUlUgmiu, 

tions  was  at  first  covered  with  a  green  matter,  which  ib 
water  acquired  a  fine  red  tiat.  Placed  in  contact  with  saow^ 
the  vegetable  communicated  to  it  the  same  colour,  from  which 
M.  Wrangel  infers  that  the  Lepraria  lumusina  of  Sweden  ia 
of  the  same  genus  as  the  Uredo  ntoa/»,  to  which  Mr  Bower 
has  attributed  the  red  colour  of  the  snow  found  in  the  late 
Northern  expedition.    [Ferusmc^s  Bulkiin*'] 

Meteoric  Stoius. — M.  Nordenskiold  has  the  meteoric  stones 
that  fell  near  Wibourg  in  Finland  on  the  16th  of  December, 
1823.  Thej  resemble  lava,  and  are  so  friable  that  they 
reduced  to  powder  under  the  fingers.  -  This  powder  consists  of 
greenish  grains  j-esembling  olivine,  a  white  crystalline  minerai 
resembling  leucitc,  a  few  magnetic  grains  in  which  no  nickel 
was  founo,  and  greenish  ashes  forDiing  the  prmcipal  part  of 
the  aerolite,  and  fusible  before  the  blowpipe  into  a  black  and 
opaaue  glass.     [Finmsac^a  Bulletin.'] 

M.  Btmpland. — This  distinguished  naturalist  is  continuing 
his  researches  in  Paraguay  with  indefatigable  activity.  He 
has  already  collected  two  thousand  plants  and  a  great  va- 
riety of  seeds.  He  has  found  three  varieties  of  indigo,  for 
superior  to  that  from  which  the  cok>ur  knowti  by  that  name 
has  been  hitherto  obtained.  His  attention  is  not  <^onfinM  to 
botany,  but  he  has  collected  a  great  number  of  insects  and 
minerals,  and  made- many  geological  observations. 

[FifruiiOcU  Bulletin.] 

Dr  LiebigU  Process  of  making  the  5cftio<tn/ur(green.-^Dissolve 
iti  a  copper  kettle  by  heat,  one  part  of  verdigris,  in  a  sufficient 
<]uantity  of  pure  vinegar,  and  add  to  it  an  aqueous  solution 
of  one  part  of  white  arsenic.  A  precipitate  of  dirty  green 
generally  forms,  which  roust  be  renewed  by  adding  more 
vinegar,  or  till  the  precipitate  is  perfectly  dissolved.  Aft^ 
boiling  this  mixture,  a  granular  precipitate  will  in  a  short 
time  form,  of  the  most  beautiful  green  colour,  which,  being 
4ieparated  from  the  liquid,  and  well  washed  and  dried,  ia  the 
required  colour.  If  the  liquor,  after  this,  contains  copper, 
more  arsenic  may  be  addea ;  and  if  it  contains  an  excess  of 
arsenic,  more  copper  may  be  added,  and  the  process  repeat- 
ed. When  the  liquid  contains  an  excess  of  acetic  acid,  it 
may  be  employed  in  dissolving  more  verdigris. 

The  green  prepared  in  this  way  has  a  bluish  fehade;  bilt 
the  arts  often  require  a  deeper  shade,  somewhat  yellowbh, 
but  of  the  same  beauty  and  elegance.  To  produce  this,  dis- 
solve a  pound  of  common  potash  in  a  suflScient  quantity  of 
water,  and  having  added  to  it  ten  pounds  of  the  colour  pre- 
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pftrad  as  &bov«)Warm  the  whole  oyer  a  moderate  fire.  The 
Pff^  will  soon  acquire  the  required  shade.  If  it  is  boiled 
loo  long,  the  colour  will  approach  to  Scbeele's  green ;  but  it 
always  surpasses  it  in  beauty  and  splendour.  The  remain- 
ing alkaline  fluid  may  be  used  in  the  preparation  of  Scbeele^s 
green.    [jSnn*  de  ChimitA 

Return  of  Enclu^s  perioaical  ConuU — Professor  Encke  has 
given  in  Bode's  Aim.  1836,  p.  134,  the  following  places  of 
this  singular  body,  which  it  is  expected  will  be  visible  in 
Europe  in  August  1835. 

D.       It  Ate.      N.  Bed.  D.      R.  Afo.       N.  DecT. 

1825.  Aug.  1.6 

6.6 

11.6 

16.6 

Phosphorescence  of  Acetate  of  Lime. — The  following  interest^ 
ing  observations  on  the  phosphorescence  of  this  sair  were 
made  by  Mr  Nicholas  MilL  He  dissolved  in  water  a  quan- 
tity of  acetate  of  lime,  and  placed  it  in  a  sand  heat  in  a  Wedge- 
wood  ware  dish.  He  then  evaporated  it  to  dryness  without 
disturbing  it*  When  it  was  quite  dry  he  placed  the  bulb  of 
a  thermometer  on  the  bottom  of  the  dish,  and  he  found  that 
at  a  temperature  ^50*  the  lime  adhered  very  firmly.  He 
then  excluded  the  light,  and  rubbing  the  acetate  strongly  with 
a  stiff  spatula,  it  became  highly  luminous.     [Brewsier^s  Jour.'] 

Effect  of  Heat  on  the  Form  and  Double  Refraction  of  Calca- 
reoui  Spar. — That  active  and  eminent  chemist  M.  Mitscher- 
Uch,  observed,  upon  measuring  the  angles  of  calcareous  spar 
at  different  iemperatures,  that  there  was  a  variation  of  8'  S(f 
in  passing  from  0^  to  100^  of  the  centigrade  scale.  The  di* 
heoral  obtuse  angle  diminishes  by  heat,  or  the  short  axis  of 
tlie  rhomboid  is  more  dilated  than  the  other  diagonals,  so 
ihat  its  form  approaches  to  that  of  a  cube.  Mitscherlich  con- 
jectured that  its  double  refraction  would  also  diminish  by 
neat,  and  this  was  proved  by  M.  Fresnel  to  be  the  case. 
The  same  effect,  but  in  a  lesser  degree,  was  produced  in 
rock  crystal ;  but  M.  Eresnel  observes  that  the  experiment 
was  not  repeated.  Hence  it  appears,  that  heat  uniformly  die* 
tributed  in  a  crystal,  diminishes  the  double  refraction.  H* 
Mitscherlich  is  of  opinion,  that  heat  should  always  separate 
most  the  particles  of  a  crystal  in  the  direction  in  which  tbey 
are  nearest  each  other. 

M.  Fresnel  likewise  found,  that  heat  dilates  sulphate  of 
lime  le^  in  the  direction  of  its  principal  axis  of  double  refrae- 
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tion  (in  the  plane  of  the  laminae''^)  than  in  a  direction  perpen- 
dicular to  it';  a  difference  analogous  to  that  in  Iceland  spar, 
but  of  a  contrary  character,  as  mi?ht  have  been  expected, 
from  the  opposite  nature  of  the  double  refraction  of  the  two 
minerals.     [Ferussac'a  Bulletin^] 

Aurora  Borealis  imitaled  by  an  ElectrO'Magnetic  Experiment 
— M.  le  Chevalier  dc  Nobili,  of  Modena,  the  author  of  this 
experiment,  took  a  large  metallic  wire,  covered  with  silk,  and 
coiled  it  up,  so  as  to  form  a  spiral  plate,  with  24  turns,  the 
wire  of  one  turn  being  always  in  contact  with  the  adjacent 
one.  When  a  weak  electrical  discharge  is  made  to  pass 
through  this  spiral  plate,  a  light  is  seen  to  proceed  from  the 
centre  of  all  the  spires.  It  resembles  artificial  fire,  and  is 
very  distinctly  visible  without  darkening  the  chamber  in 
which  the  experiment  is  made*  When  the  wire  is  coiled  up 
in  a  rectangular  shape,  a  very  faint  light  is  seen.  M.  Nobili 
considers  this  last  as  the  ordinary  electrical  light,  and  the 
first  as  electro-magnetic,  as  it  is  displayed  only  in  the  case 
when  electricity  exerts  a  magnetic  influence.  M.  Nobili  has 
announced  a  work  entitled  Questions  sur  Ma^tisme^  in  which 
he  discusses  all  the  recent  discoveries  m  that  science. 
[Bibliotheque  Universelle/] 

Gold  mines  ofJVorth  Carolina, — Prof.  Olmstead  has  given 
a  very  interesting  account  of  the  cold  mines  of  North  Caro- 
lina, in  the  last  number  of  Prof.  Siiliman's  Journal^  from  which 
it  appears  that  the  gold  is  spread  over  a  space  of  not  less 
than  1000  square  miles.  This  tract  is  situated  between  the 
35ih  and  36th  degrees  of  N.  Latitude,  and  the  80th  and  81st 
degrees  of  W.  Longitude,  on  the  southern  side  of  the  state, 
not  far  from  the  borders  of  South  Caroliha,  and  somewhat 
westward  of  the  centre.  The  river  Pedee  flows  through 
the  gold  country,  and  is  joined  bv  the  Uwharre  from  the  nortn, 
when  it  takes  the  name  of  Yndkm.  The  gold  is  found  in  almost 
every  part  of  this  region,  at  or  near  the  surface,  and  is  contain- 
ed in  mud  and  gravel  covering  several  varieties  of  clav  slate. 
The  soil  is  generally  barren^  and  the  inhabitants  mostly  poor 
and  ignorant.  There  are  three  principal  mines ;  the  olaest, 
or  that  which  was  first  worked,  is  in  Cabarms.  The  ore  is 
separated  from  the  mud,  gravel,  &c.  by  washing  in  a  kind 
of  cradle.  The  ore  i*arely  occurs  in  pieces  exceeding  five  or 
six  hundred  penny  weights.    One  mass,  weighing  38  pounds 


•  See  Edinburgh  tineyelopedia,  Art.  Optics,  vol.  xv.  p.  688. 


ayoirdapois,  "  in  its  crude  state,''  was  found  by  a  negto  at 
Reed's  mine,  of  which  marvellous  stories  were  told,  but  it  ap- 
pears that  no  unusual  circumstances  attended  its  discovery, 
except  its  being  nearer  the  surface  than  common*  The 
masses  are  generally  flattened  and  vesicular,  bearing  marks 
of  attrition*  The  mines,  says  Prof.  Olmstead,  have  given 
some  peculiarities  to  the  state  of  society  in  the  neighbouring 
country*  The  ore  constitutes  the  common  currency.  Almost 
every  man  carries  about  with  him  a  goose  quill  or  two  of  it, 
and  a  small  pair  of  scales,  in  a  box  like  a  spectacle  case* 
The  value,  as  in  patriarchal  times,  is  ascertained  by  weight, 
which,  from  the  dexterity  acquired  by  practice,  is  a  less 
troublesome  mode  of  counting  money  than  one  would  imag- 
ine. I  saw  a  pint  of  whiskey  paid  for,  by  weighing  off  three 
and  a  half  grains  of  gold. 

Prof.  Olmstead  inters  from  all  the,  geological  facts,  struc- 
ture of  the  country  &c.,  that  this  gold  was  not  brought  down 
by  the  rivers  from  its  original  repository,  but  that  they  mere- 
ly cut  through  a  stratum  containing  it. 

Distinction  of  Positive  and  Jftgativt  Electricity. — Positive 
and  negative  electricity  may  be  readily  distinguished,  by  the 
taste,  on  making  the  electric  current  pass  hy  means  of  a 
point  on  to  the  tongue*  The  taste  of  the  positive  electricity 
18  acid ;  that  of  the  negative  electricity  is  more  caustic,  and, 
as  it  were,  alkaline.     Berzdius.    (Jour.  Science.) 

Sekniuni,  an  attendant  of  Sulphur. — Pleischl  (in  Schweig- 
^er's  Neus  Jour,  ix*  348,)  expresses  his  opinion  that  selenium 
IS  not  an  uncommon  attendant  of  sulphur*  We  are  inclined 
to  think,  from  the  observations  of  Berzelius,  Stromeyer, 
Gmelin,  Wahlen,  Lewenau,  &c»  that  the  fact  is  already  pretty 
satisfactorily  established. 

A  foreign  admixture  of  this  nature  would  account  for  the 
very  deleterious  qualities  which  the  French  chemists  ascribe 
to  sulphuretted  hydrogen  gas,'  and  for  their  antipathy  against 
inhaling  the  slightest  particle  into  the  lungs*  {Traite  de  Chim. 
Zd  ediAniy  1,  723-729.) 

That  the  odour  of  the  gas  is  sufficiently  unpleasant  must 
be  admitted ;  but  we  have  remained  in  atmospheres  copiously 
impregnated  with  it,  without  experiencing  any  injurious  con- 
sequences, and  we  do  not  hesitate  to  assert,  that  the  antidote 
wmch  they  recommend,  namely,  the  continual  emission  of 
chlorine  into  the  open  air  so  long  as  the  gas  is  preparing,  is  a 
much  more  serious  inconvenience  than  the  one  which  it  is 
intended  to  correct.    It  can  scarcely  be  doubted,  that  their 
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sulphur  contained  ekher  selenium  or  arsenic  ;  and,  as  The* 
nard  has  described  this  extremely  noxious  quality  as  one  of 
the  inseparable  characteristics  of  sulphuretted  hydroeen  gas, 
it  appears  probable  that  the  contamination  is  far  &om  un* 
frequent*     {Ah.  Philos.) 

Improvemeni  in  Distilling. — Prof.  Oersted  has  pointed  out 
a  method  of  considerable  utility  in  the  evaporation  of  liquids. 
It  consists  in  fastening  together  a  great  number  of  fine  metal- 
lic rods,  or  wires ;  these  are  put  in  the  bottom  of  the  distil- 
ling vessel,  and  by  this  means  seven  measures  of  brandy  are 
distilled  with  the  same  quantity  of  fuel  which,  without  the 
rods  would  distil  only  four.     [nulUt.  des  Sci.  Phys.  &c.] 

Compressibility  of  WaUr. — This  experiment  has  been  tried  by 
the  distinguished  Danish  philosopher  (Ersted,  by  an  ingenious 
apparatus  of  his  own  invention.  The  result  is  thus  stated. 
'^  Agreeably  to  the  mean  of  a  great  number  of  experiments, 
a  pressure  equal  to  that  of  the  atmosphere  produces  in  water, 
a  diminution  of  volume  of  0.000045.  In  all  the  trials  with 
mv  apparatus,  from  the  pressure  of  |  to  that  of  6  atmospheres, 
I  have  the  compression  of  water  to  be  in  the  ratio  of  the  com- 
pressing force.  Canton  had  obtained,  in  the  greater  number 
of  his  experiments,  0.000044  for  a  pressure  equal  to  that  of  the 
atmosphere,  which  diifcrs  only  by  one  millionth  from  my  re- 
sult. The  ingenious  experiments  of  Mr  Perkins,  made  with 
several  hundred  atmospheres,  give  0.000048  for  each  atmos- 
phere. 1  am  induced  to  attribute  this  difference,  in  itself  very 
small,  to  a  compression  which  the  sides  of  his  vessel  (being 
of  metal)  may  have  sustained.  Another  circumstance  ought 
perhaps  also  to  h%  taken  into  consideration,  viz.  that  water 
seems  to  lose  a  little  of  its  compressibility  after  several  com- 
pressions. I  dare  not,  however,  aver  this  to  be  the  fact,  not 
naving  subjected  it  to  a  rigorous  trial.     [Ann  de  Chimie.'] 

Account  of  Mr  Dalton's  Process  for  determining  the  Value  of 
Indigo. — In  ■  order  to  find  the  value  of  any  sample  of  indigo, 
Mr  Dalton  directs  us  to  take  one  grain,  carefully  weighed 
from  a  mass  finely  pulverized.  Put  this  into  a  wine  glass, 
and  drop  two  or  three  grains  of  concentrated  sulphuric  acid 
upon  it  Having  triturated  them  well,  pour  in  water^  and 
transfer  the  coloured  liquid  into  a  tall  cylindrical  jar,  about 
one  inch  inside  diameter.  When  the  mixture  is  diluted  with 
water,  so  as  to  show  the  flame  of  a  candle  through  it,  mix  the 
liquid  solution  of  oxymuriate  of  lime  with  it,  agitating  it 
slowly,  and  never  putting  any  more  in  till  the  smell  of  the 
preceding  portion  has  vanished*    The  liquid  soon  becomes 
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transparent,  and  of  a  beautiful  greenish-yellow  appearance. 
After  the  dross  has  subsided,  the  clear  liquid  may  be  passed 
off,  and  a  little  more  water  put  into  the  sediment,  with  a  few 
drops  of  oxymuriate  of  lime,  and  a  drop  of  dilute  sulphuric 
acia ;  if  more  yellow  liquid  is  produced,  it  arises  from  parti- 
cles of  indigo  which  have  escaped  the  action  of  the  oxymuri- 
ate before,  and  must  be  added  to  the  rest.  The  value  of  the 
indigo  Mr  Dalton  considers  to  be  in  proportion  to  the  quanti- 
ty of  real  oxymuriate  of  lime  necessary  to  destroy  its  colour. 
He  is  of  opinion  also,  that  the  value  may  be  well  estimated 
by  the  quantity  and  intensity  of  the  amber-coloured  liquid 
which  the  indigo  produces,  which  is  found  independently  of  any 
valuation  of  the  oxymuriate  of  lime.  The  following  results  ob- 
tained with  several  samplesjshow  thegreatvalucof  this  method. 

Qxsrmuriate  of  lime  used 
to  destroy  its  color. 

Precipitated  and  sublimed  indigo  -        -  140  grains 

Flora  indigo 70 

Another  sample      -    "    -        -        -        -  70 

Two  other  indigoes    -        -        -        -        -  60 

Two  other  samples         -        -        -        -  50 

Another  sample 40 

Another  sample      -        -        -        -        -  30  or  35 

Mr  Dalton  is  of  opinion,  that  to  destroy  indigo  by  oxymu- 
riatic  acid,  twice  the  quantity  of  oxygen  is  necessary  that  is 
required  to  revive  it  from  the  lime  solution.  See  Manchester 
Memoirs^  New  Series,  vol.  iv.  p.  437,  438,  439. 

Mushei^s  Process  for  alloying  Copper  for  Ships. — In  order  to 
increase  the  tenacity  of  pure  copper,  to  render  it  more  fibrous, 
and  to  prevent  the  common  effects  of  sea-water  upon  it,  Mr 
Mushet  has  taken  out  a  patent  for  the  following  process  : — 

He  mixes  with  the  copper,  as  an  alloy,  regulu^  of  zinc,  in 
the  proportion  of  two  ounces  of  zinc  to  lOOlbs.  weight  of  cop- 
per ;  or  two  ounces  of  block  or  grain  tin ;  or  four  ounces  of 
regulus  of  antimony ;  or  eight  ounces  of  regulus  of  arsenic,  in 
the  same  quantity  of  copper.  Or,  instead  of  employing  these 
substances  alone  in  the  above-mentioned  proportions,  to  lOOlbs* 
of  copper  he  proposes  to  add  half  an  ounce  of  regulus  of  zinc, 
half  an  ounce  of  grain  or  block  tin,  one  ounce  of  reeulus  of 
antimony,  and  two  ounces  of  regulus  of  arsenic.  [Brewster's 
JoumalJ] 

Lohrmann^s  Maps  of  the  Moon. — M.  Lohrmann,  professor  in 
the  military  academy  at  Dresden,  is  about  to  publish  an  Atlas 
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of  Lunar  Maps,  whjch  will  represent  the  whole  surface  of  the 
lunar  globe  with  an  accuracy  and  precision  beyond  anv  thing  ' 
that  has  yet  been  attempted.  Baron  Zacb  has  seen  the  first 
section  of  these  maps,  containing  a  part  of  the  Mare  Jfvbwmy 
of  the  Mare  Vaporum^  and  of  the  spots  named  Ptolemy,  Hip- 
parchus,  Albategnius,  &c.  which  he  considers  as  ezecat^ 
with  infinite  care  and  accuracy.    [BrewHer'^s  Jo^mdl.l 

Discovery  of  a  Fossil  BaU — ^About  the  middle  of  last  Octo- 
ber, the  workmen  employed  in  the  quarries  of  Montmartre 
discovered  the  fossil  remains  of  a  BaU  This  most  interesting 
specimen  was  almost  immediately  presented  to  Baron  Cuvier^ 
by  the  gentleman  into  whose  possession  it  had  come.  Permis* 
sion  to  examine  this  hitherto  unique  production  was  very  readi- 
ly granted  to  the  author  of  this  notice,  who  was  then  in  Paris* 

The  portion  of  stone,  in  which  the  fossil  remains  are  im- 
bedded, had  been  so  subdivided  during  the  operation  of  quar- 
rying, as  to  leave  the  exact  impression  of  the  animal  equally 
well  marked  on  each  surface :  the  specimen  altogether  seem- 
ed to  be  so  exceedingly  perfect,  and -to  resemble  in  size,  pro- 
poition  of  the  pectoral  members,  bead,  &c.  the  ordinary  spe- 
cies of  bats  now  existing.  Nothing  positive,  however,  can  be 
said  as  to  any  exact  resemblance  between  the  antediluvian 
bat  and  those  of  the  present  day,  until  the  anatomy  of  the 
head  and  teeth  be  made  out,  by  removing  from  the  incrusta- 
tion of  solid  stone  at  present  entirely  concealing  the  structure 
of  these  parts. 

The  discovery  of  a  fossil  bat  must  be  considered  as  a  sort 
of  era  in  the  history  of  the  organic  remains  of  a  former  work! ; 
hitherto,  so  far  as  we  know,  no  animal  so  highly  organized, 
has  ever  been  unequivocally  shown  to  exist  in  a  fossil  state. 
Between  the  Bat  and  Man^  naturalists  have  interposed  but  a 
single  species,  the  Quadrumana :  may  we  not  hope  that  future 
research  may  at  last  add  to  the  list  of  antediluvian  remams, 
the  so  much  sought  for  Anthropolite  ?    [Brtmsttr^s  Journal.'^ 

Astronomical  Ubservations  by  Dr  Olbers. — Comets  that  finish 
their  course  in  a  short  period,  do  not  appear  to  difier  in  form, 
shape,  or  nature,  from  those  that  require  a  long  time  to  com- 
plete their  motion  around  the  sun.  Their  external  aspect 
does  not  agree  with^  that  of  the  newly  discovered  planets. 
Although  tne  late  Schroter  pretended  that  he  observed  a  con-  ' 
siderable  nebulous  envelope  around  the  asteriods  Ceres,  Pal- 
las, and  Juno,  Olbers  is  not  convinced  of  its  existence,  and  is 
ratner  inclined  to  consider  the  appearance  as  a  deception, 
arising  from  the  imperfect  nature  of  the  object-glass,  as  he 
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could  not  discover  anj  such  nebulosity,  although  he  used  the 
most  perfect  dioptric  instruments.  Olbers  considers  the 
greater  number  of  double  stars  to  be  suns,  which  are  not  only 
apparently,  but  also  in  reality  comparatively  near  to  es^cn 
other,  and  that  they  describe  regular  orbits  around  their  com* 
mon  centre  pf  gravity.  He  says  that  he  has  never  observed 
any  nebulous  covering  in  Gassendus,  in  Possidonius,  or  indeed 
in  any  other  part  of  the  moon,  nor  in  general  any  chanee  in 
the  lunar  spots,  which  could  not  be  referred  to  the  different  ^ 
angles  of  ilniroination,  and  the  relations  of  libration.  .  Nor  can 
he  give  any  opinion  as  to  the  traversing  furrows  in  the  circu- 
lar mountains ;  and  he  adds,  ^  1  must  acknowledge,  that,  in 
regard  to  the  beds  of  rivers,  buildings,  &lc.  said  to  have  been 
observed  in  the  moon,  I  fear  that  a  lively  imagination  may 
have  frequently  seen  more  than  is  shown  by  the  telescope*^' 
[EJtn.  Phihs.  Journal.'] 

On  the  Semidectissation  of  the  Optic  Serves. — In  a  letter  to 
us  from  a  distinguished  philosopher  in  Germany,  the  following 
remarks  occur :  ^^  I  do  not  understand  bow  it  happens  that  the 
labours  of  the  Germans,  and  even  of  other  nations,  in  com- 
parative anatomy,  are  so  little  known  in  England.  Many  ob- 
servations and  opinions,  which  are  considered  as  new  in  your 
country,  have  been  long  known  to  us  in  Germany.  In  proof 
of  this  1  may  mention,  tnat,  in  the  thirty-fourth  number  of  the 
London  Journal  of  Science,  there  is  an  extract  from  a  memoir 
on  the  "  Semidecussation  of  the  Optic  •ATerrw,"  in  which  the 
illustrious  author,  from  a  pathological  appearance  he  observed, 
infers  a  partial  crossing  of  the  optic  nerves,  without  appearing 
to  know,  not  only  that  many  authors,  from  similar  grounds, 
have  come  td  the  same  conclusion,  but  also,  that  this  kind  of 
crossing  had  been  observed  in  the  eye  of  the  human  species 
by  Vicq  d'Azyr,  Caldani,  the  brothers  Wentzel  and  Chias- 
mon,  ana  by  6.  R.  Treviranus  in  the  eye  of  the  Simia  Ay- 
gula.  (Fide  Fermi  Schriflin^von  G.  R.  ^  L.  C.  Tremranusy 
Th.  iii.  p.  168.)"    [Edin.  Philos.  Joumah} 

Minerals  produced  hy  Heat. — It  has  been  very  often  observ- 
ed, that  the  analyses  of  minerals  are  of  comparatively  little 
value,  as  long  as  we  are  not  capable  of  reproducing  by  com- 
position what  had  been  dissolved.  Proiessor  Mitscherlich 
has  accomplished  this  important  object.  We  have  been  grati- 
fied by  the  sight  of  beautiful  and  well-defined  crystals  of 
Sayisn-white  pyroxene,  which  had  been  obtained  by  mixing 
e  constituent  parts  indicated  by  analysis  in  the  necessary 
proportion,  and  exposing  this  niixture  to  the  high  degree  of 
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heat  of  the  porcelain  furnaces  of  Sevres.  By  this  means,  Prof. 
Mitscherlicn  has  succeeded  in  obtaining  several  species  that 
occur  in  nature.  He  has  likewise  observed  among  the  differ- 
ent kinds  of  slags  more  than  forty  species  in  a  crystallized 
state,  particulany  of  such  minerals  as  are  found  in  primitive 
rocks,  but  likewise  a  good  many  others  which  have  not  hith- 
erto been  observed.  We  propose  eiving  in  our  next  number 
a  full  statement  of  the  farther  details  of  these  most  important 
experiments.     [Brewster^s  Journal] 

Additions  to  the  Cabinet  of  Minerals  at  Cambridge. — Since 
our  last,  several  boxes  of  American  minerals  have  been  re- 
ceived, and  others  are  announced  as  on  the  road.  We  have 
prepared  the  following  list  from  the  letters  of  the  gentlemen 
to  whose  liberality  and  zeal,  the  university  is  indebted  for 
these  accessions  to  the  cabinet ;  circumstances  not  having  as 
yet  permitted  any  examination  of  the  specimens.  The  prompt 
compliance  with  the  wish  expressed  in  the  circular  letter,  pub- 
lished sometime  since,*  and  the  great  number  of  specimens 
which  have  been  received,  evince  a  lively  interest  in  the  ad- 
vancement of  this  object,  and  a  liberality  highly  honourable 
to  the  several  contributors.  It  cannot  but  be  highly  gratify- 
ing to  the  friends  of  science  and  of  the  University  to  witness 
the  success  which  thus  far  has  attended  the  efforts  made  to 
increase  the  facilities  for  stud  ving  an  important  branch  of 
science,  and  of  adorning  its  halls  with  an  extensive  collection 
of  the  mineral  riches  of  our  own  country. 

Locality.  Presented  by 

Amethyst  Bristol,  R.  I.  Dr  S.  Robinson. 

Argillaceous  Ox-  I  Westmoreland,      '^ 

ide  of  Iron  )      N.  York 

Rhomb  Spar  Genesee  river         I  Mr    G.    White,   of 

Grau  Wacke  Norman's  hill         (      Amherst 

Geological   Speci-  >  Tenessee  falls 

mens  S      Troy  &c. 

Phosphate  of  Iron  1 

filling  up    Bel- >  N.Jersey  ^ 

emnites  )  >  Mr  Nuttall. 

Spinel  Sparta,  N.  J.  ) 

Chiastolite  in  Clay  >  Lancaster  )  Mr  F.  Plummer, 

sl3^^  J  )      Lancaster. 


*  See  page  201  Vol.  ii.  of  this  Joamal. 
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cZX^ole  I    '•        ^             J  Mr  E.  Emmons. 

(Fibrolile?)  ]             Aio.             3 

Argentine  Williamsburg,  Ms.  ^ 

Anthophyllitc*  Blanford  "    I  Mr  Charles  U.  Shep- 

Splinlery  Hornstone  Pelhara  **    f    ard,  Amherst, 

lolite?  Goshen  "  J 

Native  Gold  N.  Carolina             Hon.  DaaielWebster. 


Botanical  Garden^  CanAriJ^e. 

A  list  of  plants,  which  have  flowered  in  the  conservatory  of 
the  Botanic  Garden,  Cambridge,  in  the  months  of  January 
and  February.    (%)mmunicated  by  Mr  Nuttall.) 

Acacia  lophantha.     •    .    •     .    New  Holland. 

^      farnesiana.     ....    New  Orleans  and  the  W.  Indies. 

Aloe  variegata Africa. 

Bredemeyera  microphylla.      .    West  Indies. 

Bellis  perennis Europe. 

Calla  etfaiopica Cape  of  Good  Hope. 

Cassia  viminea. West  .Indies. 

Cineraria  cryenta Cape  of  Gt>od  Hope.    •  . 

*  The  following  description  of  this  substance  we  extract  from  Mr  Shep- 
ard's  letter.  <*  It  occurs  in  a  green  talcose  rock,  having  a  slaty  structure  with 
▼eins  of  serperitine  of  a  dark  colour  ruonfng  through  it  occasionally  in  vari- 
00s  directions.  The  Anthophyllitc  exists  in  such  abundance  in  the  rock,  as 
to  constitute  the  greater  part  of  it.  It  ts  both  massive,  and  in  long  circular 
prisms,  which  are  generally  disposed  in  a  radiatine  form.  Its  masses  possess 
a  highly  crystalline  structure  and  very  readily  admit  a  cleavage  parallel  to 
the  lateral  planes  of  a  rhombic  prism  of  125°  and  55°  There  is  also  a  cleav* 
age  apparently  perpendicular  to  the  axis  of  the  prism,  but  it  is  attended  with 
some  difficulty,  and  the  planes  produced  by  it  are  not  very  brilliant  or  per- 
fect. Its  colour  is  hair  brown  of  various  shades.  It  possesses  a  shininr  near- 
ly pseudo-metallic  lustre.  It  is  translucent.  It  scratches  fluate  of  lime 
and  glass ;  the  latter,  however,  with  difficulty.  Before  the  blow-pipe  it  is 
infusible  " 

The  mineral  supposed  to  be  lolite,  Mr  Shepard  describes  as  follows.  It 
occurs  in  small  masses  which^  with  few  exceptions,  are  amorphous,  and  of 
an  oval  form.  Occasionally  it  is  found  crystallised ;  but  from  the  smallness 
and  irregularity  of  the  crystals,  their  precise  form  cannot  be  discerned. 
Pfone  of  these  crystals  admit  of  any  cleavage,  nor  can  appearances  of  natural 
joints  be  discovered  in  any  direction  whatever.  Its  fracture  is  uneven,  and 
its  lustre  vitreous.  It  scratches  adularia  and  appears  to  be  of  the  same  hard- 
ness with  Quarts.  It  is  translucent.  Its  colour  is  a  pale  blue.  Its  specific 
grevitv  is  2.6  When  thrown  in  the  state  of  powder  upon  a  hot  shovel,  it 
phosphoresces  slightly  with  a  reddish  light.  *Alone,  before  the  blow-pipe,  it 
fuses  into  a  bluish  glass,  though  with  difficulty;  with  borax  it  fuses  slowly 
into  a  colourless  glass.  It  is  found  imbedded  in  Cleavelandite,  and  is  often 
accompanied  with  JndicoUte,  Rubellite,  and  rose  coloured  Mica." 
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Corcbonis  japonicus.     . 

China  and  Japan. 

Coreopsis  tinctoria.   •    . 

ArlLansa  Territory. 

Corea  alba 

New  HoUand. 

Cheirantbus  Cheiri.  • 

Europe. 

'^          incanus. 

do. 

Diosma  ciliaris.     .    •     , 

New  Holland 

**     ericoides.      •    . 

do. 

Epacris  pungens*  .    .    . 

do. 

Erica  pubescens.  .     •    . 

Cape  of  Good  Hope. 

^    persoluta.    .     •     . 

do. 

**    medlterranea.  .    . 

do. 

**    physodes.    .    • 
<<    hispi4ola.    .    . 

do. 

i» 

do. 

«     margaritacea.   . 

do. 

''    grandiflora. 

do. 

<<    lacbnett  folia. 

do. 

'^     arbutiflora. 

TO. 

^    pomifera.    .     • 

Euphorbia  caput  medusae. 

Africa. 

Geranium  aconitifollum.     .    • 

Alps  of  Switzerhod. 

Heliotropium  peruvianum. 

Peru.     , 

<<           corymbosum 

do. 

niicium  floridanum    .    .     •     . 

Florida. 

Iris  persica. 

Persia. 

Lachenalia  tricolor 

Cape  of  Grood  Hope. 

Lasiopetalum  ferrugineum 

New  Aolland. 

Lotus  jacobs&us. 

Island  of  St  James. 

Manulea  altemifolia  ?     •    .     . 

New  Holland. 

Medicago  arborea.    •    •     .    . 

Island  of  Rhodes 

Olea  fragrans 

China. 

Ozalis  caprina.      •    .     •    •     , 

.    Cape  of  Good  Hope 

**     rosacea.     ...... 

do. 

OsteosperiQum  pisiferum.   .    . 

do. 

Pelargonium  quercifolium. 

do. 

do. 

^          zonale.  ^.  arborea 

do. 

**          lacerum.    .     .     , 

do. 

Polygala  stipulacecL  .    .    .    . 

do. 

*^        purpurea.    .    •    .    . 

do. 

<«       bracteolata.      .    .    . 

do. 

Reseda  odorata. 

Egypt  and  Barbary. 

Rosa  cbinensis 

China. 

Scrophularia  peregrina       .     . 

Portugal. 

Sempervivum  coccineum.   •    . 

Africa. 

Sparmannia  africana.      .    .    . 

do. 

Strelitzia  regins.       .    .     ^    . 

Cape  of  Good  Hope. 

Viburnum  Tinus.  •    •    •    •    . 

South  of  Europe. 

1 
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PHILOSOPHY  AND  THE  ARTS. 


Aet.  "XhlV. ^^Contribution  to  a  J^Taiural  and  Economical 
History  of  the  Coco-JVut  Tree.  By  Mr.  Henbt  Marshall, 
Surgeon  to  the  Forces,  and  Author  of  Notes  on  the  Medi- 
cal Topography  and  Diseases  of  the  interior  of  Ceylon. 
[Mem.  fVer.  Soe.  Urftn.]     (Concluded  from  page  380.) 

Mant  useful  products  are  derived  from  the  flower  and  fruit 
of  this  tree.  By  a  peculiar  manipulation  the  flower  yields  a 
rich  saccharine  juice,  convertible  into  arrack  or  sugar.  The 
word  arrack^  or  arak^  or  rack,  is  probably  a  corruption  of  the 
the  Arabic  word  uruq,  spirit  or  juice,  indefinitely ;  whence 
we  may  infer  that  the  art  of  distillation  was  conveyed  from 
Arabia  to  India  and  the  eastern  Archipelago.  We  are  in* 
formed  that,  in  the  Ladrone  Islands,  it  is  called  uraea.  In 
Ceylon,  and  many  other  parts  of  India,  the  term  arrack  is 
employed  in  a  sense  similar  to  that  with  which  we  use  the 
phrase  spiritous  liquors.  Distilled  spirits,  of  whatever  kind, 
obtain  this  denomination  through  a  great  part  of  Asia,  and 
along  the  northern  coast  of  Africa.  In  the  Singhalese  lan- 
guage, sugar,  manufactured  from  palm-juice,  is  called  hack- 
ttrtir,  which  is  commonly  corrupted  by  foreigners  into  jagery, 
and  may  be  the  origin  of  the  Arabic  word  sukker.  A  Sanscrit 
scholar  has  suggested,  that  sugar  may  be  derived  from  the 
Sanscrit  word  goor  (sweet) ;  the  superlative  of  which,  he  tells 
roe,  is  stogoor  (sweetest). 

Sweet  juice  is  extracted  from  the  unexpanded  flower,  in 
the  following  manner :— A  man,  in  colloquial  language,  called 
a  "  Toddy-drawer,"  cuts  off  the  point  of  the  spadix,  and  ties 
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the  stump  firmly  round  with  a  ligature.  It  is  then  beaten  with 
a  stick ;  which  operation  is  supposed  to  determine  the  sap  to 
the  wounded  part.  This  process  is  repeated  for  several  days, 
cutting  off  daily  a  small  portion  of  the  end  of  the  spadix. 
Under  this  management,  the  juice  soon  begins  to  flow  from 
the  cut  surface  of  the  flower,  and  is  carefully  collected  in  an 
earthen-ware  vessel,  suspended  from  the  spathe.  A  thin  por- 
tion of  the  flower  and  spathe  is  sliced  off  daily,  and  the  end 
of  the  stump  is  bound  with  a  ligature.  A  good  healthy  bios* 
som  will  give  from  two  to  four  English  pints  of  sweet  juice 
daily,  and  some  flowers  will  continue  to  yield  juice  for  about 
four  or  five  weeks.  Hence  there  are  frequently  two  spaths 
on  one  tree,  yielding  toddy  at  the  same  time.* 

I  may  here  state  the  mode  by  which  a  toddy-drawer  as- 
cends the  tree.  He  takes  the  dried  stem  of  a  creeping  plant, 
and  forms  it  into  a  circle  of  about  a  foot  diameter.  The  feet  are 
next  put  into  this  circular  band.  He  then  raises  himself  up  a 
little  on  the  stem  of  the  tree,  by  means  of  his  hands,  and  sub- 
sequently supports  his  whole  weight  upon  the  feet  and  the  con- 
necting ligature.  By  the  alternate  motion  of  hi;f  bands  and 
feet,  he  reaches  the  top.  The  ordinary  implements  of  a 
toddy-drawer  are,  the  shell  of  a  large  gourd,  capable  of  con- 
taining several  pints  of  sweet  juice,  and  a  broad  knife,  which 
he  suspends  to  a  belt  tied  round  his  waist.  In  Bombay,  the 
stem  is  sometimes  notched  on  each  side,  to  enable  the  toddy- 
drawer  to  ascend  the  tree. 

But  when  it  is  intended  to  draw  juice  from  a  "tope,"  or 
cluster  of  trees^  the  toddy-drawer  collects  a  quantity  of  some 
creeping  plants,  with  which  he  connects  the  beads  of  a  great 
number  of  trees.  In  some  districts,  coir-rope  is  used  in  place 
of  these  creepers.  There  are  a  number  of  species  of  creep- 
ers, suitable  for  this  purpose,  which  have  stems  many  yards 
long.  The  toddy-drawer  selects  a  tree,  of  easy  access,  near 
to  the  centre  of  the  tope,  the  trunk  of  which  he  surrounds 
with  a  number  of  bands  made  of  some  creepers,  each  at  about 
a  foot  distance.  He  then  ascends,  by  means  of  these  bands, 
and  passes  along,  from  tree  to  tree,  upon  the  connecting  stems, 
assisted  by  the  horizontal  .leaves,  collecting,  as  he  proceeds, 

*  <*The  Gomuti  Palm  yields  toddy  for  two  years,  at  the  average  rate  of 
three  quarts  a-day." — Crawfubd  on  the  Indian  Archipelago. 

According  to  Labillaroiirei  a  date-palm  wiH  furnish,  for  upwards  of 
two  months  in  the  /ear,  six  or  eight  liirtt  of  liquor  a  day<^'<  Account  of  ft 
Voyage  in  search  of  Pxboube/'  by  M.  Labjllardisbb,  vol.  i.  p.  884. 
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the  sweet  juice,  which  he  pours  into  the  shell  of  the  gourd, 
suspended  from  his  waist,  and  conveys  it  to  the  ground  by 
means  of  a  line.  The  gourd  is  enaptied  by  a  person  ready 
to  receive  it,  and  the  line  is  drawn  up  by  the  man  on  the 
tree. 

'  Juice  is  seldom  drawn  from  a  coco-nut  tope  above  six  or 
5even  months  at  a  time,  as  this  operation  is  supposed  to  ex- 
haust the  trees.  During  the  intervening  period,  nuts  are  pro- 
duced. 

Toddy  is  the  name  given  by  the  English  to  the  sweet  juices 
which  are  extracted  from  the  different  species  of  the  palm 
tribe,  including  that  of  the  coco-nut  tree.  It  is  perhaps  a 
corruption  of  iari  or  tareej  the  Mussulman  name  of  the  juice 
of  the  Palmyra  pahn,  of  which  tar  or  tal  is  the  Sanscrit  name.* 
Ray  which  literally  means  juice,  is  the  Singhalese  name  of 
the  fluid  extracted  from  the  flower  of  a  coco-nut  tree.  Some- 
times it  is  called  Jttee-ra  (honey  or  s^^eet  juice) ;  seldom, 
however,  except  wheri  prepa^red  for  making  jagery.  Among 
the  inhabitants  of  the  maritime  provinces  of  Ceylon,  it  is 
frequently  denominated  suri^  which  is  said  to  be  a  Sanscrit - 
word.  With  the  above  explanation,  the  words  toddyj  ra^  wec- 
ro,  and  surif  may  be  used  synonymously.  Fresh  drawn  juice 
is  sweet,  and  has  a  peculiar  favour,  in  consequence  of  some 
extractive  matter  it  contains ;  and,  in  general,  it  operates  as  a 
laxative.  When  it  is  intended  to  distil  arrack  from  suri,  the 
toddy-drawers  seldom  change  or  clean  the  pots  into  which  k 
is  received ;  hence  the  juice  soon  ferments,  and  emits  an  acici 
smell.  In  a  half  fermented  state,  suri  is  much  relished  by 
some  Europeans.  When  it  has  become,  by  fermentation, 
highly  intoxicating,  the  European  soldiers,  and  tt>e  dissipated 
portion  of  the  natives,  drink  it  freely.  To  render  this  bever- 
age acrid,  the  soldiers  occasionally  add  green  chillies  (Capsi^ 
cumfrutescens)  to  it. 

Is  it  not  very  probable,  that  the  strong  drink  mentioned  in 
Scripture  was  mee-ra^  drawn  from  the  flower  of  some  of  the 
palm  tribe  (palm-wine  ?)  in  several  of  the  Oriental  languages, 
there  appears  to  be  an  intimato  connexion  between  the  words 
which  designate  honey,  sugar,  sweetness,  and  the  juice  of  the 
palm  family  of  plants.  Mee^  in  the  Singhalese  language, 
means  honey,  sweet ;  and  the  toddy,  or  juice  extracted  from 
palm  trees,  is  called  mee^ra.     Juice  drawn  from  the  flower  of 

*  BucbahaK's  Journey  through  Mysore,  be 
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the  Sago-palm,  is,  by  the  Malays,  denomitiated  wSer  (wnter) 
saguer.  As  the  word  saguer^  appears  to  be  only  a  slight 
aheratioD  from  the  Sanscrit  adjective,  iniplyihg  stoeet^  aer  $ft^ 
guer  will  therefore  literally  mean  sweet  UfOter^  or  tb^  nvettett 
tcater.  In  the  Javanese  language,  the  juice  of  the  Gomutir 
palm  is  called  lagenj  which  means  the  sweet  maiertal  by  dis* 
tinciion.*  We  learn  from  Shaw,  that  the  Hebrew  wordi 
rendered  honey  in  Scripture,  is,  by  some  commentators,  sop^ 
posed  to  denominate  the  sweet  juice  procured  from  palm  treea» 
as  well  as  the  honey  of  bees.  He  tells  us  that,  in  Barbary, 
the  sweet  juice  extracted  from  date^-palms,  is  called  dipse; 
and  that  dibse  or  dipse^  which  is  a  Hebrew  word,  is  generally 
translated  honey ^  in  the  Old  Testament. f  Dr  Mosisly,  in  his 
Treatise  upon  Sugar,  &lc.  bays,  that  the  strong  drink  of  the 
Scripture  was  called  shecar^  a  word  which  likewise  means 
intoxication.  This  word,  shecar^  does  not  differ  much  in  6nun<* 
ciation  from  the  Sanscrit  adjective,  implying  sweet ;  and  it . 
.very  closely  resembles  the  Malay  name  of  the  intoxicating 
toddy  of  the  Sago^palm  (Aer  sagver)^  Dr  Moselt  concludes 
bis  disquisition  on  the  strong  drink  of  the  Old  Testament^  by 
saying,  ''  What  sottish  liquor  shecar  was,  no  person  knows,  h. 
was  probably  made  from  grain,  perhaps  from  honey ."| 

The  suri  pots  are  sometimes  visited,  and  the  contents  car* 
ried  off  during  night.  To  detect  the  thief,  the  leaves  of  a 
species  of  datura  are  occasionally  put  into  some  of  the  pots. 
By  means  of  the  highly  intoxicating  effect  of  this  compound, 
the  marauder  is  often  discovered. 

Arrack  may  be  distilled  from  suri  the  same  day  it  is  drawn ; 
but  sometimes  this  operation  is  delayed  for  a  few  days,  with*' 
out  diminishing  the  quantity,  or  injuring  the  quality  of  the 
spirit.  The  process  of  distillation  is  carried  on,  in  the  mari- 
time provinces,  in  copper  stills» ;  but,  in  the  Kandyan  Proviocesi 
earthen-ware  vessels  are  chiefly  employed.  Suri  yieMs,  by 
distillation,  about  one-eighth  part  of  arrack,  of  the  same 
strength  as  good  brandy.  Arrack,  when  well  prepared,  19 
clenr  and  transparent :  generally,  however,  it  is  slightly  straw* 
coloured.  It  has  a  peculiar  flavour,  no  doubt  depending  upon 
an  essential  oil  which  risesr  from  the  suri  during  distiUatioQ* 


♦  Ceawfvrd. 

t  Shaw's  Observalions  relating  to  Barbaiy  and  the  Levant,  voi.  ii,  p.  144, 
note. 

t  Medical  Tracts,  by  Dr  Mg«£LT,  2d  edit  p.  id8. 
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Arrack  is  issued  to  the  soldiers  in  India  and  Ceyloo,  as  part 
of  the  established  ration.  The  seamen  belonging  to  the  Royal 
Navy  in  the  Indian  Seas  are  furnished  with  this  spirit  in  place 
of  rum 

Ceylon  exports  annually,  and,  for  the  roost  part,  to  the 
Presidences  of  Bengal,  Madras,  and  Bombay,  from  5000  to 
6000  leaguers  of  arrack,  each  containing  150  gallons.  In- 
cluding freight,  duties  upon  exportation  and  importation,  this 
spirit  is  sold  at  Madras  at  about  Is.  Sd.  per  gallon.  The 
prime  cost  of  arrack  in  Ceylon,  varies  from  Sd.  to  lOd.  per 
gallon.  It  is  stated  by  Mr  Bartolacci,  that  arrack  distilled 
at  Batavia,  is  said  to  be  sold  in  India  from  10  to  15  per  cent, 
cheaper  than  that  brought  from  Colombo.*  Ten  per  cent, 
duty  is  levied  upon  arrack  exported  from  Ceylon.  In  Eng- 
land, this  spirit  has  brought  as  high  a  price  as  from  five  to  six 
shillings  per  gallon. 

Batavian  arrack  is  made  from  a  mixture  of  molasses,  palm- 
wine,  and  rice,  in  the  following  proportions : 

Molasses,        .  62  parts. 

Toddy  (palm  wine),          ...     3  do. 
Rice, 35  do. 

100  parts  of  these  materials  yield  23i  of  distilled  proof 
arrack. 

The  rice  is  first  boiled ;  and,  after  coolings  a  quantity  of 
yest  is  added  to  it,  and  is  pressed  into  baskets.  In  this  con- 
dition, it  is  placed  over  a  tub  or  tubs,  for  eight  days  ;  during 
which  time,  a  liquor  flows  abundantly  from  the  niixturp.  At 
the  end  of  that  time,  the  liquor  which  has  subsided,  is  taken 
out,  and  mixed  with  the  molasses  and  palm-wine,  which  has 
been  previously  combined.  The  mixture  remains  in  a  small 
vessel  for  one  day  only,  when  it  is  removed  into  large  fer- 
menting vats,  in  which  it  remains  for  seven.  The  liquor  is 
finally  removed  into  the  still ;  and,  according  to  the  number 
of  distillations  it  undergoes,  becomes  arrack  of  the  first, 
second,  or  third  quality  in  commerce.  The  above  account 
of  the  preparation  of  arrack,  is  extracted  from  Mr  Crawfurd's 
work  on  the  Indian  Archipelago.  Mr  MarsdenI  informs  us, 
that  the  ''  Palm-wine"  used  in  this  kind  of  arrack,  is  obtained 
from  the  coco-nut  tree,  and  that  arrack  of  the  first  quality 
may  be  purchased  for  about  sixty  Spanish  dollars ;  second  for 
*^^'  '  I  ■  ■'  "'»  ■ --».      »  "    I II-  ■III  ■'  ■.■■II 1,1^  11,1    ,.  ,  I  , 

*  Bartolacgi  on  the  Revenoe  and  Commerce  of  Ceylon. 

t  History  of  Somatre. 
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fifty ;  and  the  third  for  thirty ;  each  leaguer  of  160  gallons. 

At  this  rate,  the  best  arrack  may  be  procured  for  20cl.  per 

gallon.     It  is  at  present  manufactured  chiefly  for  domestic 

consumption. 

The  phrase  '^  Pariah-arrack"  is  often  used  to  designate  a 
spirit  distilled  in  the  Peninsula  of  India.  Arrack,  there  pre- 
pared, is  said  to  be  often  rendered  unwholesome,  by  an  ad- 
mixture of  ganja  (Cannabis  sativa)^  and  a  species  o(  datura, 
with  the  intention  of  increasing  its  intoxicating  quality.  It  is 
not  clear,  whether  the  term  Pariah-arrack  be  colloquially 
employed  to  designate  an  inferior  spirit,  or  an  adulterated 
compound. 

There  is  a  spirit  prepared  in  the  neighbourhood  of  Madras, 
called  puitay  or  putta  arrack^  literally  bark  arrack.  Puttay, 
m  the  Tamool  language,  signifies  the  bark  of  a  tree.  Dr 
AiNSLiE  tells  us,  that  the  barks  chiefly  used  in  making  arrack, 
are  those  of  the  Mimosa  ferruginea^  and  the  Mimosa  lettco- 
phlea  of  Roxburgh.* 

Suri  is  the  yest  commonly  used  by  bakers  in  Ceylon.  By 
allowing  it  to  pass  into  the  acetous  fermentation,  an:  excellent 
vinegar  is  obtained.  A  great  variety  of  vegetable  substances 
are  pickled  with  vinegar  of  this  kind. 

When  it  is  intended  to  extract  jagery  from  suri,  great  care 
is  taken  to  prevent  it  from  fermenting.  The  earthen-ware 
pot,  into  which  it  falls,  is  emptied  twice  or  thrice  in  twenty- 
four  hours.  After  this  operation,  the  pot  is  always  well 
cleaned,  then  dried,  and  a  small  quantity  of  ehunam  (lime)  is 
thrown  into  it,  before  being  replaced.  Sometimes  a  portion 
of  the  bark  of  a  tree,  whose  name  I  do  not  recollect,  is  intro- 
duced into  the  receiving  vessel,  instead  of  ehunam.  The  lime, 
perhaps,  contributes  to  check  the  progress  of  fermentation. 
Almost  immediately  after  the  mee-ra  is  drawn  from  the  tree, 
it  is  fihered  through  a  portion  of  the  reticulated  substance  found 
at  the  base  of  the  leaf. 

The  juice  is  then  slowly  boiled  in  an  earthen-ware  vessel, 
until  it  becomes  light  coloured,  and  acqnires  a  considerable 
degree  of  consistency.  While  still  warm,  and  vsemi-fluid,  it  is 
poured  into  sections  of  coco-nut  shells,  where  it  soon  becomes 
solid.  Twenty-four  ounces  of  jagery  may  be  procured  from 
a  gallon  of  mee-ra*  1  state  the  quantity  of  jagery  which  mee- 
ra  yields,  on  the  authority  of  Mr  Bertolacci,  who  paid  much 

*  Materia  Medica  of  Hindoostaa. 
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attention  to  tbis  subject.  It  would  appear  that  mee-ra  is  richer 
10  saccharine  matter  than  juice  expressed  from  the  sugar-cane 
in  the  West  Indies.  Dr  Moselt,  in  his  History  of  Sugar, 
says,  ^*  We  consider  a  pound  of  sugar  from,  a  gallon  of  cane- 
juice  as  good  yielding."  According  to  Mr  Crawfu&d,  cane- 
juice  in  Java,  yields,  on  an  average,  25  per  cent,  of  sugar* 
Jagery  contains  both  the  crystallizable  portion  of  the  juice, 
and  a  quantity  of  molasses,  or  liquid  sugar ;  but,  by  a  subse- 
quent operation,  they  can  be,  in  a  great  measure,  separated. 
This  coarse  sugar  is  generally  made  into  little  loaves,  having 
the.  shape  of  a  hemispherical  vase,  fr6m  the  form  of  the  ves- 
sel in  which  it  cools.  It  has  a  deep  chocolate  colour ;  and, 
when  broken,  presents  many  clear  shining  particles  of  sugar. 
In  the  Malay  language,  jagery  is  denominated  goola  or  goora 
iian  (black  sugar  or  black  sweet.) 

The  ordinary  price  of  jagery  is  about  2d.  per  pound.  It 
is  the  only  sugar  used  by  the  native  inhabitants,  and  no  other 
is  prepared  in  Ceylon.  They  enjoy  the  juice  of  the  cane,  by 
masticating  the  green  shoots,  but  in  no  other  way,  althougli 
they  have  a  name  for  sugar  extracted  in  other  countries  from 
this  plant,  which  is  since  or  ckinee.  The  common  soldiers 
ordinarily  use  jagery ;  and  many  Europeans^  of  the  upper 
ranks  prefer  it  to  a  more  refined  species  of  sugar  for  sweet- 
ening coffee.  Sugar-candy,  which  is  chiefly  imported  from 
China,  is  the  saccharine  substance,  commonly  used  by  the 
higher  classes  of  Europeans  in  India.  In  some  parts  of  the 
interior  of  Ceylon,  particularly  in  the  vicinity  of  Adam's  Peak, 
great  numbers  of  the  inhabitants  support  themselves  by  ex- 
tracting a  sw<eet  juice  from  the  nepery  tree  (Caryota  urens), 
and  manufacturing  it  into  jagery.  This  tree  grows  spontane- 
ously in  the  woods.  The  people  thus  employed,  subsist  chiefly 
upon  coarse  sugar.  They  occasionally  procure  a  little  rice 
and  salt  by  barter,  but  they  do  not  raise  grain  by  cultivating 
the  soil. 

There  is  some  foundation  for  supposing,  that  the  sugar  of 
the  ancients,  which  seems  to  have  been  imported  from  India, 
was  the  produce  of  the  palm  family  of  plants,  and  not  that  of 
the  sugar-cane.  Salmasius,  the  commentator  of  Flint,  is 
decidedly  of  opinion,  that  the  sugar  of  the  moderns  is  the 
produce  of  a  different  plant  from  that  which  produced  the 
sugar  of  the  Greeks  and  Romans.  All  the  authors  on  tbis 
subject,  with  whose  writings  I  am  acquainted,  describe  the 
sugar  of  the  ancients  as  being  of  a  very  coarse  quality,  and 
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mixed  with  a  large  portion  of  molassesy  exactly  resembling 
jageryy  the  produce  of  some  of  the  palms.  Viret,  in  his 
Account  of  Sugar,  says  expressly,  that  "le  premier  sucre 
apport6  des  Indes  n*etoit  qu'une  moseouade  (iucre  hrvi).^ 
And,  in  an  Essay  upon  the  History  of  the  Commerce  of 
Venice,  it  is  stated,  that  the  sugar,  which  was  manufactured 
in  Sicily,  as  early  as  1173;  brought  a  higher  price  than  that 
which  they  imported  from  Egypt  or  from  India,  by  the  way  of 
the  Red  Sea.  The  extraction  of  sugar  from  the  sugar-cane 
is  much  more  operose  (ban  from  the  juice  afforded  by  palms ; 
and  this  may  be  one  reason  why  palm-sugar  should  be  more 
early  known  than  cane-sugar, '  even  in  countries  where  the 
sugar-cane  is  indigenous. 

Among  the  articles  of  commerce  which  the  Venetians  im- 
ported from  Asia,  about  the  year  996,  sugar  is  mentioned  ; 
but  whether  it  was  the  produce  of  palm  trees,  or  the  sugar- 
cane, cannot  be  satisfactorily  ascertained.*  It  is  the  opinion 
of  Mr  Marsden,  that  the  sugar  of  the  ancients  was  procured 
from  palms.  In  his  History  of  Sumatra,  he  says,  ^'If  the 
ancients  M(ere  acquainted  with  sugar,  it  was  prdduced  from  some 
species  of  the  palms,  as  the  sugar-canes  were  not  brought 
into  the  Mediterranean  from  the  coast,  till  a  short  time  before 
the  discovery  of  the  passage  to  India  by  the  Cape.  The 
word  saccharum  is  conjectured  to  be  derived  from  jaggree, 
which  the  French  pronounce  schagaree.*^  His  opinion  is 
corroborated  by  Dr  Crawfurd,  who  informs  us,  that,  "  al- 
though the  cane  be  a  native  of  the  Indian  Islands,  the  art  of 
manufacturing  sugar  from  it  is  certainly  a  foreign  art.  There 
is  no  name  for  sugar  in  any  dialect  of  the  Indian  Islands,  but 
a  foreign  one,  gula  (perhaps  a  corruption  o/"  goor,  sweet); 
and  this  foreign  one  is  pure  Sanscrit.  When  Europeans  6rst 
became  acquainted  with  the  natives  of  these  islands,  they 
found  them  ignorant  of  the  manufacture  of  sugar  from  the 
cane.  The  Hindoo  word  gula  (sometimes  written  gotir)  is 
indeed  equally  applicable  to  palm  sugar,  as  to  that  of  the  cane. 
I  therefore  suppose  that  the  Hindoos  instructed  the  Indian 
islanders  only  in  the  simple  process  of  manufacturing  the 
former,  and  that  the  manufacture  of  the  latter  was  introduced 
by  the  Chinese,  under  the  auspices  chiefly  of  Europeans,  and 
in  times  comparatively  very  recent."  I  am  aware,  however, 
that  Humboldt  infers,  from  some  Chinese  paintings  which  he 

*  Essai  de  I'Histoire  chi  Commerce  de  Venise,  p.  7i. 
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saw  at  Lima,  representing  the  different  processes  for  extract- 
ing sugary  that  this  art  is  extremely  ancient  in  that  country. — 
(Essdi Politique sur  la  JVouvelhEspqgne^  torn,  ii,  p.  425,  4to« 

It  is  stated,  upon  the  authority  of  the  Crusaders,  that  the 
inhabitants  of  Tripoli,  in  Syria,  were  acquainted  with  the  art 
of  extracting  sugar  from  the  sUgar-cane,  as  early  as  I108« 
The  process  they  practised  was  extremely  rude,  and  consisted 
in  pounding  the  cane  in  a  mortar  with  a  pestle.  At  this  time, 
they  do  not  a{^ear  to  have  been  acquainted  with  the  means 
of  eroployitig  fire  in  the  making  of  sugar.  The  expressed 
juice  was  set  aside  until  crystals  formed  in  it.*  For  a  long 
time,  sugar  appears  to  have,  in  Europe,  hem  confined  to  the 
apothecary's  shop ;  and,  by  some  of  the  older  authors,  it  is 
recommended  as  a  good  substitute  for  honey,  to  render  nau- 
seating medicines  palatable ;  this  seems  to  have  been  the  chief 
purpose  for  which  it  was,  during  a  considerable  period,  em- 
ployed. Sugar  did  not  become  general,  as  an  article  of  food 
in  Europe,  until  it  was  extensively  cultivated  in  the  West 
^Indies  and  America.f 

When  intimately  mixed  with  lime,  jagery  forms  an  excellent 
cement,  which  resists  moisture,  and  endures  great  solar  heat. 
It  is  capable  of  taking  on  a  very  fine  polish.  Walk  are  prepared 

*  Falconcb^s  Sketch  of  the  History  of  Sugar. 

t  Neither  sogsr  ner  the  sagar-cane  is  mentioned  in  Scriptare.  The  word 
Sweet-cane,  which  we  find  in  two  places  of  the  Old  Testament,  Isaiah  xnii.^'. 
24 ;  and  Jeremiah  vi.  20,  seems  to  express  a  different  substance,  most  pro- 
bably cinnamon.  In  both  passages,  sweet-cane  is  mentioned  as  an  article  of 
merchandise,  and  not  as  a  native  of  Judea,  which  the  sugar-cane  seems  to 
be  It  lilcewise  may  be  inferred,  that  the  substance  here  meant,  was  con- 
secrated to  religious  uses.  Now,  we  know  that,  under  the  Levitical  law, 
cinnamon  was  required  to  compose  the  holy  oil  for  anointing  the  tabernacle. 
Europe  is  indebted  to  the  conquests  of  Albxavobe,  for  a  knowledge  of 
sunr. 

SpRBiTtiEL,  in  his  Historia  rei  Herbarise,  informs  us,  that  the  sugar-cane  Is  ^ 
a  native  of  the  banks  of  the  Euphrates ;  and  that  Uie  first  account  we  have 
of  the  fabrication  of  sa|ar  from  this  plant,  is  not  earlier  than  the  fifth  cen- 
tury. From  Arabia,  this  reed  found  its  way  to  Egypt,  and  eventually  to 
Europe.  In  1906,  It  was  common  in  the  Island  of  Cyprus ;  and,  a  hundred 
years  after,  it  enriched  Calabiia,  and  the  ooasts  of  Spain.  While  SmIb  was 
under  the  dominion  of  the  Moors,  the  sngar-cane  was  eoAtivated  in  Anda- 
lusia, and  sugar  manufactured  from  it.  From  Sicily  it  parsed  to  Madeira, 
and  the  Canary  Islands.  Early  in  the  sixteenth  century  it  was  transported 
to  America,  by  a  native  of  Portugal.  Ovibdo  saw  some  sugar  manufactories 
in  operation  at  St  Domingo,  io  the  year  1618 ;  and,  in  1620,  it  was  carried 
to  tne  Continent  of  America.  In  1686,  Gorxalbs  db  Vblosa  construeted 
the  first  cylinder  for  expressing  the  sngar-cane ;  and,  In  1641,  canes  were 
transplanted  from  BraBll  to  Barbadoes,  and  thence  to  the  other  West  India 
islands. — Humboldt's  Personal  Narrative,  vol.  iv.  p.  179 ;  Journal  de  Phel>- 
XBacie,  tom.  ii.  p.  886 ;  Bees'  Eneyclopsedia,  Article,  Sttgcer. 
VOL.  JI*  NO.  6.  52 
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for  teoeiviog  this  coveriog^  by  wetting  tbem  with  a  streng  in- 
fusion of  the  busk  of  unripe  cocos ;  and  the  same  kind  of 
fluid  is  used  for  mixing  and  tempering  the  materials.  In 
Madras,  and  some  other  parts  of  India,  the  flat  tops  of  the 
bouses  are  covered  with  this  cements  It  is  much  employed 
to  cover  columns,  as  also  to  form  the  floors  of  rooms.  Floors 
of  this  kind  are  sometimes  stained  and  made  to  resemble  the 
finest  marble.  It  is  said  that  jagery-cement  has  succeeded 
Yery  well  in  Holland.  In  181^  Ceylon  exported  jagery  to 
the  valu6  of  39,245  rix  dollars.  The  Ceylon  rix  dollar  at 
par,  is  equal  to  Is,  9d.  sterling. 

When  the  flower  has  not  been  injured,  the  tree  bears  nuts, 
which  are  converted  |o  many  useful  purposes.  Young  coco- 
nuts are  much  used  by  the  natives  as  an  article  of  diet.  During 
the  unripe  state  of  the  fruit,  the  shell  is  lined  Avith  a  pulpy 
substance,  while  the  centre  is  filled  with  an  aqueous  fluid. 
This  fluid  is  at  first  slightly  astringent  and  sub-acid  ;  as  the 
fruit  ripens,  it  becomes  sweetish,  and  not  unlike  the  colour 
and  consistence  of  the  whey  of  milk.*  When  drank  before 
the  sun  has  far  advanced,  it  is  much  cooler  than  the  atmos- 
phere, and  is  then  a  pleasant  beverage,  Natives,  particularly 
when  travelling,  generally  furnish  themselves  with  a  few  un- 
ripe nuts  (Lanw  Portuguese),  the  water  of  which  they  drink, 
and  eat  the  pulpy  portion  or  kernel.  Upon  a  few  repasts  of 
ibis  kind,  a  man  will  labour  from  morning  till  night,  without 
any  other  article  of  diet.f  The  native  inhabitants  of  the 
coasts  of  some  of  the  islands  in  the  Equinoctial  Zone,  are 
more  palmivorous  than  granivorous.  Where  a  people  can  be 
satisfied  with  food  so  easily  procured  as  the  produce  of  the 
cocQ-»nut  tree  is,  in  some  tropical  regions,  they  are  little  sen- 
sible to  the  ordinary  motives  which  impel  mankin4.to  labour. 
The  Reverend  Mr  Cordiner  says,  and  perhaps  with  truth, 
ibat  the  person  wlio  possesses  a  garden  with  twelve  coco  trees, 
and  two  jack  trees,  ba$  no  call  to  make  any  exertion. 

*  Tba  following  are  the  properties  of  the  liquid  contained  in  the  nut,  m 
fiveii  in  the  Journal  de  Pbarmaeie,  torn.  ii.  p.  98,  extracted  from  TaoMiia^ 
poRFr*«  Journal :— Le  lequide  ett  elair  el  mns  aoaleur  oomnie  de  reav»  laDi 
^deur,  et  d'nne  saveur  douceatre  aemblable  ani  noi(.  La  pesanteur  ipeci- 
ftque  eompan^  k  celle  de  I'eau  est  de  1,010. 

The  result  of  a'  ebemieal  eiamiaatioa  of  the  liquid  is,  (hat  <*  le  sua  de  la 
BOix  seralt  compost  de  beauooup  d'eau,  dv  suora  liqvide,  d'un  peu  de  gom" 
pe,  et  d'un  sal  vegetal. 

t  To  feteh  eoeo-nuti  froai  trees  as  they  are  wanted,  the  Malays  bav* 
trained  sioakeys»  which  are  SMre  ezpett  at  the  business  than  a»y  Isrfd^ 
drm^tr  on  the  o«Mt  «f  Qavonandsl-pHjiTiii'a  Iisttira  on  Smnatra, 
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Thd  husk  or  fibrous  peritar^  of  the  nut  is  employeck  to 
polish  furniture,  and  to  scour  the  floors  of  rooms,  &lc.  Birds^ ' 
who  bttild  pendulous  nests,  commonly  construct  them  of  this 
Substance.  Its  chief  use,  however^  is  in  the  manufacture  of 
cotV)  and  for  this  purpose  the  nut  ought  not  to  be  completelj^ 
ripe.  The  word  cc/rV,  sometimes  writted  cdtV,  and  eatra,  i^ 
probably  derived  fiom  the  Portuguese  substantive  caireU  ^ 
periwig,  or  irin^e.  The  Skigholese  word  for  cotr,  is  kohuk 
To  remove  the  husk,  an  iron  spike,  or  sharp  piece  of  bard 
wood,  is  fixed  in  the  ground ;  the  nut  is  then  forced  upon  the 
point,  which  passes  through  the  fibres,  thereby  separating  tlid 
rind  from  the  shell.  In  this  manner  a  man  may  clear  1000 
nuts  daily.  Coir  is  prepared  by  soaking  the  rind  in  water  for 
several  months,  and  then  beating  it  upon  a  stone  with  a  piece 
of  heavy  wood.  On  the  coast  of  America,  where  a  running 
Stream  of  water  is  not  near  at  hand,  the  coir* manufacturers 
dig  holes  in  the  sand  below  high  water^mark,  and  bury  the 
rind  of  the  coco-nut,  before  beating  it  Subsequently  it  is 
rubbed  with  the  hand  until  ibe  interstitial  substance  be  conn 
pletely  separated  from  the  fibrous  portion  of  the  husk*  The 
rind  of  forty  cocos  furnished  Mr  Koster  with  six  pounds 
weight  of  coir.  The  next  operation  is  to  twist  the  fibres  into 
yarns,  which  are  manufactured  into  cordage  of  all  sizes.  Ck>ir 
is  remarkably  buoyant,  and  well  suited  for  ropes  of  a  large 
diameter.  Until  chain-cables  were  introduced,  all  the  ships 
which  navigated  the  Indian  seas  had  cables  made  of  this  sub- 
stance. Sea-water  is  said  to  be  rather  beneficial  than  htmful 
to  it.  Coir-cordage,  when  properly  prepored,  is  pliable, 
smooth,  strong,  and  elastic :  it  is  very  well  suited  for  running* 
rigging,  more  especially  where  lightness  is  deemed  an  advan- 
tage, such  as  top-gallant  studding-sail  sheets,  Sic.  On  account 
of  its  contractility,  seamen  consider  it  not  well  fitted  for 
standing  rigging.  Dr  Roxburgh,  in  his  observations  on  the 
comparative  strength  of  English  hemp,  and  other  vegetable 
fibres,  states,  that  he  found  hemp-rope  and  coir-rope,  when 
large,  to  be  respectively  as  108  to  87  in  strength,  and  when 
smaller,  as  65  is  to  60.  In  the  same  paper  (Transactions  of 
the  Society  of  Arts,  vol.  ii.),  he  says,  *'  Coir  is  certainly  the 
very  best  material  yet  known  for  cables,  on  account  of  its 
great  elasticity  and  strength." 

The*  natives  sew  the  planks  together,  which  compose  their 
boats,  with  coir-yarns.  When  twisted  into  yarns  adapted  for 
being  manufactured  into  cordage,  it  is  valued  in  Ceylon  at 
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about  £2  per  candy  (500  lb.)  Large  quantities  of  this  sub>' 
stance  are  exported  to  the  different  ports  in  India.  Under 
the  Dutch  Government  about  3,000,0001b.  were  annuallj 
manuractured  in  the  island.  The  quantity  of  coir  exported 
from  Ceylon  in  1813,  amounted  to  4,048-}*  candieis,  and  each 
candy  may  be  valued  at  28  rix  dollars;  total  amount  rix  dol- 
lars 137,649.  Very  lately  a  manu&ctory  for  the  making  of 
t^oir-cordage  has  been  established  upon  a  large  scale  at  Recif, 
near  to  Pernambuco,  on  the  coast  of  Brazil. 

Coir  is  much  used  in  India  in  place  of  hair  to  stuff  mat- 
tresses, cushions  for  couches,  saddles,  bd.  It  is  also  employed 
to  make  brooms  and  brushes  lo  wbite^wash  houses. 

The  kernel  of  the  ripe  eoco-nut  is  not  unlike  the  substance 
of  an  almond,  either  in  taste  or  consistence.*  It  is  eaten 
by  the  natives,  and  frequently  along  with  jagery.  The  natives 
of  the  Ladrone  Islands  eat  it  in  lieu  of  bread,  with  meat  and 
fish.  Sometimes  it  is  rasped  into  very  small  pieces,  and 
mixed  with  dressed  rice,  to  give  it  a  peculiar  flavour ;  and 
occasionally  it  is  pounded  into  meal,  of  which  fritters  and 
small  cakes  are  made.  In  India  this  fruit  is  generally  allowed 
lo  be  very  nutritious,  and  many  suppose  that  it  possesses  the 
quality  of  inducing  corpulence. 

By  a  little  pressure  the  kernel  may  be  n»ade  to  yield  a 
white  fluid,  resembling  milk.  When  the  milk  of  cows  or 
buffaloes  cannot  be  procured,  Europeans  sometimes  add  this 
liquid  to  tea  as  a  substitute.  Another  substitute  for  milk  may 
be  obtained  by  rasping  a  kernel,  and  mixing  the  scrapings 
with  some  of  the  liquid  contained  in  a  nut :  this  mixture  re- 
quires to  be  strakied.     We  are  informed  by  Dr  PI^^CKARD,  in  ' 


*  The  following  chemical  analysis  of  the  kernel  of  the  coco- nut,  I  have 
extracted  from  the  Journal  de  Pliarmacie,  torn.  ii.  p.  100: — 

"Lapartie  ohamue  a  le  conaistauce  de  nos  noiz  fratchus;  mala  elie  est 
plus  tenace,  d'an  blanc  ^datnnt,  et  d'une  saveur  douceatre." 

<'  II  resuTte  que  le  noyau,  ou  la  paKie  charnue  de  la  noix,  est  comp9s6  de 
beacoup  dliilile  grasse,  se  figeant  ais^ment,  ce  qui  pent  engager  k  fui  donner 
)e  DCHD  de  beurre  v6gital,  d'un  iiquide  aqueuxyd^albuaune^et  da  autre  Itquidt 
(mucoso-8Ucr6.") 

"  En  jetant  un  coup  d'wiT  siir  cette  nnclyse,  n-otis  voyons  que  la  noix  dn 
cocotier  eat  nne  substance  iros  nourrissante ;  car  I'albumine  est  connue 
comme  nourrissante  quand  mdmc  eUe  ne  servirait  ici  qu'^  animaliser  les  au- 
tres  mati^^res  vegetales.  Le  sucre  ot  Thuille  sont  egalement  connus  comme 
des  priucrpes  nourrissans.  Le  noyau  a  benucoup  d'analogie  avec  le  lait  ani> 
nal.  Ce  qui  conslitue  dans  ie  lait  la  mntiere  caseuse,  est  remplac6  ici  par 
le  mucoso-sucre,  et  rhu'tte  cnaisse  peut  presenter  le  beurre  du  lait  animak 
On  peut  separer  ici  Thuile  ue  la  uiemc  manicre  qu'on  s^parc  le  beurre  du 
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his  Notes  on  the  West  Indies,  that  puddhigs  are  mnde  of  coco- 
nuts in  Barbadoes.  The  kernel  is  sometimes  pressed  with 
honey  and  sugar,  and  used  to  make  preserves. 

When  mature,  the  nut  is  much  used  in  Ceylon,  to  furnish 
an  oleaginous  fluid  required  to  prepare  curry^  a  dish  in  very 
general  use  aniong  all  ranks  and  classes  in  India.  For  this 
purpose,  the  kernel  is  finely  rasped  by  means  of  an  iron  in- 
strument cuUed  a  komeny,  which  resembles  the  rowel  of  a 
spur,  and  the  raspings  are  washed  with  a  small  quantity  oC 
water,  which  is  subsequently  filtered.  The  emulsion  thus 
formed  is  boiled  along  with  the  meat,  fish,  or  vegetable  sub- . 
stance  intended  to  be  ''  curried,"  and  thereby  supplies  the  oily 
fluid  necessary  in  the  composition  of  curry.  A  due  proportion 
of  spices  is  added  to  the  mixture  before  it  is  removed  from 
the  fire.  When  coco-nuts  cannot  be  procured,  gkee  (clarified 
butter)  is  used  as  a  substitute  in  tbe  preparation  of  this  deli- . 
cious  dish.  In  Bengal,  and,  I  believe,  over  great  part  of  the 
peninsula  of  India,  curry  is  chiefly  prepared  whh  butter  or 
ghee.  The  Ceylon  or  coco-nut  curry  possesses  much  of  the 
flavour  of  the  nut ;  it  has  a  light-yellow  colour,  and  is  easily 
.  digested,  the  oily  part  of  the  mixture  being  seldom  too  abun- 
dant. ^  . 

But  the  chief  product  of  the  kernel  of  tbe  coco-nut  is  air 
excellent  oil:  and,  to  extract  it,  two  different  processes  are 
employed ;  namely,  decoction  and  expression.  When  the 
former  process  is  followed,  the  fresh  kernel  is  finely  rasped ; 
tbe  raspings  are  next  washed  with  water,  which  assumes  a 
milky  appearance ;  and,  by  decoction,  yields  a  limpid  oil.  If 
the  emulsion  be  exposed  for  a  night,  it  separates  spontaneously 
into  an  oily  and  a  watery  portion,  and  the  oily  part  is  purified 
by  a  very  short  boiling.  To  separate  the  oil,  the  operator, 
who  fs  generally  a  female,  lays  the  palm  of  her  left  hand  flat 
upon  the  surface  of  the  fluid  ;  a  portion  of  oil  adheres'  to  the 
hand,  which  is  .brushed  ofi*  into  a  vessel^  by  the  right  hand. 
The  oil  made  in  this  manner  is  nearly  as  colourless  as  water, 
and  when  newly  prepared,  does  not  smell  offensively.  In  the 
course  of  a  few  days,  particularly  if  exposed  to  the  atmos- 
phere, it  emits  a  disa«;reeable  odour.  On  an  average  ten 
nuts  are  stated  by  Mr  Bartolacci  to  yield  about  a  quart  'of 
oil;  but  KosTER,  who  niade  the  experiment,  says,  that  thirty- 
two  nuts  rendered  him  only  31b.  of  pure  oil. 

Compression  is  tbe  process  chiefly  adopted  when  coco-nut 
oil  is  prepared  in  the  large  way.     After  clearing  the  nut  of 
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the  busk,  the  kernel  is  exposed,  which  is  effected  by  breaking 
the  shell  wiili  a  crooked  knife,  an  operation  which  is  generally 
performed  by  one  stroke*  The  watery  part  of  the  kernel  is 
dissipated  by  exposing  it  to  the  sun  for  a  few  days,  during 
which  period  it  acquires  a  considerable  degree  of  rancidity. 
In  this  state  the  kernel  is  called  coprUf  or  copperas.  The  oil 
is  extracted  from  copra  by  grinding  it  in  a  very  clumsy  mill, 
wliich  is  worked  by  bullocks.  Oif  has  for  some  years  past 
been  extracted  from  copra  in  large  quantiiies  at  Colombo,  by 
means  of  the  power  of  a  steam-engine.  The  value  of  cop* 
peras  exported  from  Ceylon,  in  18 13,  amounted  to  27,975  rix 
dollars. 

The  substance  which  remains  after  the  oil  has  been  ex- 
tracted from  copra  is  called  taur^  which  serves  well  to  feed 
pigs,  poultry,  he. 

Ceylon  exports  annually  a  great  quantity  of  coco-nnts, 
chiefly  to  India.  In  1809,  the  number  amounted  to  2,977,275. 
The  medium  price  may  be  stated  at  about  Ss.  6d.  per  huu- 
dred,  or  nearly  one  halfpenny  a-piece.  According  to  Koster, 
the  value  of  coco-nuts  in  Brazil  is  about  5f .  6d.  per  hundred, 
or  a  little  more  than  iV  of  a  peony  each.  In  Ceylon  they 
pay  an  export  duty  of  5  per  cent.  These  nuts  are  sometimes 
brought  to  this  country  from  the  West  Indies.  The  captains 
of  ships  use  them  instead  of  wedges  of  timber,  to  fill  up  the 
vacua  between  the  casks  and  other  packages  which  compose 
their  cargoes.  On  this  account,  the  freightage  of  the  outs 
adds  little  to  thoir  original  value.  They  are  therefore  now 
said  to  be  as  common  in  the  shops  and  streets  of  London  as 
the  orange.  I  know  they  may  be  procured  in  great  abundance 
at  Liverpool. 

Coco-nut  oil  may  be  exported  from  Colombo,  at  about 
Is.  6d.  per  gallon  ;  and,  at  this  price,  a  large  quantity  is  an- 
nually sent  to  different  parts  of  India.  In  Java,  where  it  is 
an  article  of . importation,  the  market  price  is  usually  about  six 
Spanish  dollars  a-picul,  which  is  equal  to  about  Is,  9d.  per 
gallon.  Within  these  few  years  it  has  been  imported  into 
Great  Britain,  where  the  same  quantity  has  been  sold  as  high 
as  from  5*.  to  6*.  The  quantity  exported  from  Ceylon,  in 
1813,  amounted  to  27,205  measures,  each  measure  about  two 
pints;  value  in  rix  dollars  7952. 

In  Ceylon  this  oil  is  universally  used  both  by  Europeans 
and  the  indigenous  inhabitants,  as  a  lamp-oil.  The  natives 
burn  it  in  a  section  of  the  coco-nut  shell,  or  in  a  small  earthen- 
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irore  vessel.  Some  of  the  upper  ranks  have  brass  lamps  four 
or  five  teet  high,  which  have  several  flat  basins,  with  project- 
ing beaksi  effixed  to  a  vertical  stalk.  The  oil  is  introduced 
iQto  ibe  basins,  the  beaks  of  which  are  furnished  with  cotton- 
wicks.  Torches  are  prepared  in  Siam,  by  drying  elephants' 
dung,  soaking  it  in  coco^nut  oil,'  and  then  covering  the  mass 
with  long  dry  leaves  tied  at  short  distaocesi  with  shreds  of 
bamboo. 

The  Singhalese,  and  indeed  a  great  proportion  of  the  in- 
habitants of  Asia,  use  considerable  quantities  of  this  oil,  for 
the  purpose  of  external  inunction.  It  is  not  easy  to  ascertain 
precisely  the  benefits  they  expect  to  result  from  this  practice. 
Some  of  the  Orientals  say,  that  inunction  is  used  for  the  pur- 
pose of  preserving  their  skins  from  the  sun  and  wind.  They 
sometimes  anoint  their  bodies  previously  to  going  into  the 
bath,  probably  for  the  purpose  of  diminishing  the  shock  they 
might  feel  by  a  sudden  reduction  of  the  temperature  of  the 
akin  :  more  commonly,  however,  the  inunction  takes  place 
upi.n  emerging  from  the  water.  The  oil  is  applied  with  a 
considerable  degree  of  friction ;  or,  as  Dahpier  describes  the 
process,  "  Chafing  it  for  half  an  hour  into  hair  and  dLin ;" 
and  the  whole  surface  of  the  body,  from  the  crown  of  the 
head  to  the  soles  of  the  feet,  is  generally  anointed.  It  is  per- 
haps more  frequently  applied  to  the  hair  of  the  head  than  to 
any  other  part  of  the  body.  I  cannot,  however,  learn  that 
they  intend  to  destroy  vermin  by  this  means,  although,  in  all 
^probability,  it  may  have  such  an  effect.  The  Asiatics,  with* 
out  much  exception  as  to  rank,  do  not  seem  to  consider  this 
source  of  disquietude  as  either  uncomfortable  or  disgraceful. 
Captain  Lton,  who.  seems  to  have  practised  the  inunction  of 
oil,  while  in  Northern  Africa,  says,  "It  is  very  refreshing, 
after  a  long  day's  journey,  to  be  well  oiled  over." 

Coco-nut  oil  is  a  good  substitute  for  olive^oil,  in  the  com- 
position of  pharmaceutical  preparations,  such  as  ointments, 
plasters,  be.  In  the  laboratory  at  Colombo,  it  is  employed  in 
u,  number  of  the  preparations  where  olive-oil  is  directed  to  be 
used  by  the  different  pbarmacopoBios.  One  of  the  editors  of 
the  Journal  de  Pharmacie,  says,  respecting  coco-nut  oil,  ^M'ai 
aussi  observe  que  cette  huile  divisait  mieux  le  mercure  qu'au- 
cune  autre  huile  vegetale."^Tom.  ii.  p.  101.) 

Mixed  with  iammer  (a  species  of  resin)  and  the  compound 
melted,  a  substance  is  formed  which  is  much  used  in  India  to 
pay  the  seams  of  boats  and  ships,  in  place  of  pitch.    The 
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same  compound  is  employed  to  protect  the  corks  of  wme  and 
beer  bottles  from  the  depredations  of  white  ants. 

In  this  country  it  has  been  employed  as  a  lamp*oil,  and  in 
the  manufacture  of  cloth,  instead  of  olive-oil.  Soap  and  ex- 
cellent candles  are  made  of  it ;  and  I  am  informed  the  glass- 
blowers  prefer  this  oil  to  all  others  in  their  operations. 

Hitherto  the  importation  of  coco-nut  oil  into  Europe  has 
been  attended  with  much  waste  by  leakage,  in  consequence' 
of  having  been  imported  in  casks,  the  wood  of  which  permits 
the  (contents  to  pass  through  in  large  quantities.  Between  the 
tropics,  the  temperature  of  the  cabin  or  cuddy  of  a  ship,  is 
frequently  as  high  as  from  83''  to  86''  Fahren. ;  that  of  the 
hold  must  be  considerably  higher.  Coco-nut  oil  does  not  freeze 
until  the  temperature  be  reduced  to  TS"*  Fahren.  Hence 
it  is  in  a  fluid  condition  during  the  greater  part  of  the  voyage 
from  India. 

The  shells  of  coco-nuts  are  manufactured  into  beads  for 
rosaries.  They  are  also  used  as  drinking  vessels,  and  for 
various  other  domestic  purposes.  Occasionally  they  are 
polished  by  the  natives,  who  cut  6gures  in  relief  upon  them. 
When  thus  ornamented,  they  are  sometimes  employed  by  the 
English  as  sugar-basins.  In  the  neighbourhood  of  Monte 
Video,  in  South  America,  the.  ladies  drink  an  infusion  of  an 
herb  called  matte  (Paraguay  tea)  from  highly  ornamented 
coco-nut  cups.  They  extract  the  lea  from  the  cup  by  sucking 
it  through  a  long  silver  tube.  The  common  ladle  used  in 
great  part  of  India  and  in  the  Brazils,  is  formed  of  a  part  of 
a  nut,  to  which  a  long  wooden  handle  is  fixed.  In  America 
they  have  even  given  a  name  to  the  instrument,  for  ladles 
made  of  silver  are  called  Mver  eocos.  By  the  inhabitants  of 
some  of  the  Oriental  Islands,  they  are  employed  as  a  measure 
for  ascertaining  the  quantity  of  both  dry  and  fluid  substances. 
Their  capacity  is  known  by  the  number  of  cowries  (Cyprea 
moneta)  they  will  contain.  Hence  there  are  cocos  of  500  or 
1000  cowries,  and  so  on. 

They  are  used  as  fuel  by  the  goldsmiths ;  and,  when  con- 
verted into  charcoal,  they  are  mixed  with  lime,  and  employed 
to  colour  the  walls  of  houses.   ' 

As  an  article  of  the  Materia  medica,  the  natives  of  India 
recommend  a  decoction  of  the  roots  of  the  coco  tree,  mixed 
with  ginger,  as  an  excellent  febrifuge.  The  juice  expressed 
from  young  branches,  combined  with  oil,  is  said  to  be  a  useful 
application  to  haemorrhoids,     in  chronic  inflammation  of  tho 
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bladder,  and  gonorrhoea,  they  recommend  a  mixture  of  the 
expressed  juice  of  the  flower  of  the  coco-tree  and  sugar. 
The  oil  is  said  to  be  useful,  if  applied  to  ulcers  or  pustules  on 
the  head.  Mixed  with  salt,  aud  drank  to  the  quantity  of  eight 
ounces,  it  is  said  to  expel  worms  from  the  intestines.  Par- 
ticular virtues  ivnve  been  atlributed  to  cups  made  of  the  shell 
of  llie  nut.  They  have  been  supposed  to  give  an  antiapoplectic 
quality  to  intoxicating  liquors.  Many  other  virtues  are  as- 
cribed to  different  parts  of  the  tree,  of  which  jt  is  uot  necessary 
here  to  take  notice. 

When  coco-nots  are  intended  for  seed,  they  are  placed 
close  to  one  another,  with  the  holes  uppermost,  and  covered 
with  a  small  quantity  of  earth.  In  a  shoit  lime,  the  aqueous 
flui(i  is  absorbed,  and  the  cavity  becomes  filled  with  a  spongy 
white  substance.  Through  the  largest  of  the  three  holes  the 
plumula  passes,  and  sometimes  along  with  it  the  radicles, 
which  run  downwards  on  the  outside  of  the  shell.  The  seed- 
lings are  allowed  to  remain  in  this  state  for  about  a  year  before 
they  are  transplanted.  Holes  of  about  2  feet  deep,  and  from 
25  to  30  feet  distant  from  each  other,  are  dug  in  the  field, 
intended  for  a  coco-nut  garden,  and  the  young  shoots  put  into 
them.  A  little  earth  is  put  round  the  nut ;  and,  in  dry  wea- 
ther, the  plants  are  watered.  They  require  to  be  protected 
from  cattle,  and  particularly  from  elephants. 


Art  XLV^-^ccount  of  a  Journey  to  Monte  Rota^  and  of 
the  first  Ascent  of  its  Southern  Summit,  By  Josefb  Zum- 
sTEiN  and  John  Nicoi^as  Vincent.* 

IBrewster^s  Journal,'] 

Monte  Rosa,  from  which  many  other  mountains  branch  out, 
is  terminated  by  several  aiguilles,  which  are  always  covered 
with  snow  and  with  ice.  These  peaks  form  a  sort  of  crown  round 

*  This  Journey  was  performed  in  August  1819.    An  acoonnt  of  it  was  ree4 
to  tlie  Royal  Academy  of  Turin  in  June  1820,  and  published  in  the  Memoirs 
delta  Real  Academia  di  Torino,  torn  XXV.  p.  230,  from  which  we  have  trans* 
lated  and  abridged  the  following  Narrative. 
VpL.  II. — NO,  V.  53 
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this  grand  ampbiih^atre,  wbieb  may  be  compared  to  a  sea  of 
ice.  Sau9sure  hiraself  believed  it  impossible  to  reach  it,  and 
eren  to  the  present  hour  nobody  has  attempted  to  gaio  the 
summit  of  this  celebrated  moootain. 

Accustomed  from  early  life  to  ascend  mountains,  I  formed 
a  project,  in  concert  with  ray  friend  M.  Vincent,  of  exatniaing 
these  high  glacial  masses ;  and  after  providing  ourselves  with 
barometrical  and  trigonometrical  instruments,  and  all  the  usual 
implements  and  utensils,  we  were  ready  for  the  uodertakiug. 

On  the  fourth  of  August  1819,  M.  Vincent  ascended  with  the 
loaded  mules  to  the  central  cabin,  at  the  confines  of  perpetual 
snow.  The  road  being  now  impassable  by  mules,  the  instru*"* 
raents  wqre  carried  by  miners  to  the  upper  cabin,  about  a  ~ 
league  above  the  ordinary  confines  of  the  icy  region,  and  he 
here  spent  the  night  with  his  attendants.  On  the  fifth  of  Au- 
gust, early  in  the  morning,  be  took  with  him  two  n)en,  and  a 
akilfql  cbamoia-htmter,  for  the  purpose  of  erecting  a  wooden 
cross  on  the  summit  of  the  aiguille.  After  traversing  immense 
plains  of  snow,  exposed  to  great  sufferings  and  dangers,  they 
reached  the  talus,  which  forms  the  base  of  the  aiguille,  and 
they  succeeded  in  gaining  its  summit  at  1 1  o'clock  in  the 
morning*  Here  they  were  surrounded  on  all  sides  with  a 
thick  fog,  but  they  lost  no  time  in  marking  their  arrival,  by 
fixing  the  cross  at  the  deptli  of  six  feet  in  the  snow.  After 
resting  half  an  hour,  they  descended  with  much  difficulty,  and 
reached  the  bottom  exhausted  with  fatigue. 

On  the  tenth  of  August  M.  Bernfaller,  canon  of  the  Hospice 
of  Great  St.  Bernard,  accompanied  with  a  mountaineer,  set 
out  in  the  evening,  by  moonlight,  and  following  the  path  of 
M.  Vincent,  he  reached  the  summit  at  8  o'clock  in  the 
morning.  From  the  serenity  of  the  skv,  the  view  which 
he  enjoyed,  wa9  of  the  most  superb  kinq,  while  a  sea  of  fog 
undulated  under  his  feet,  and  covered  the  surface  of  the  earth, 
as  far  as  the  eye  could  reach.  The  loftiest  summits  of  Monte 
Resa,  ^nd  those  of  the  surrounding  mountains,  were  the  only 
objects  that  rose  in  insulatecl  forms  out  of  this  set^  of  mist. 

On  the  eleventh  of  the  s:\me  month,  ]VI,  Vincent  and  I  set  out 
at  three  o'clock,  P-  M.  qiJcorapanied  with  ^  skilful  hunter  ;  we 
ascended  the  valley  by  the  Trinite  Urssieu  and  Boedemie,  the 
last  hamlets  that  can  be  inhabited  during  winter,  and  reached 
the  place  called  Rigga.  Here  we  cease  to  see  the  Meleze, 
and  above  this  the  rhododendron  rarely  takes  root,  and  still 
more  rarely  the  juniper. 
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Passing  over  verdant  hills,  covered  with  the  debris  of  rocks, 
detached  and  rolled  down  from  the  nioiintainSy  (which  are 
called  Gofer  in  the  country,)  our  path  conducted  us  to  a  small 
height,  where  we  were  charmed  with  the  view  of  the  moun- 
tains  of  Gabiet,  which  we  reached  at  five  o'clock,  after  passing 
the  place  called  Nidelgasse.  Having  refreshed  ourselves  at 
this  place  with  a  little  milk,  we  pursued  our  route  across  green 
pastures  towards  the  river  of  Lafels. 

The  fine  cascade  which  appeared  on  our  left,  and  the  Alps 
of  Lafels  in  perspective,  presented  a  very  delightful  view* 
This  cascade  may  be  regarded  as  one  of  the  finest,  next  to 
that  of  the  Rhine,  and  that  of  Tousa  in  the  valley  of  Pomat, 
especially  if  %ve  see  it  in  June,  when  from  the  melting  of  the 
snows,  it  exhibits  all  its  magnificence.  Advancing  by  the 
right  of  the  cataract,  we  come  to  the  mountains  of  Indren, 
which  appears  like  a  kind  of  basin.  Here  are  established  the 
mills  for  the  mines  belonging  to  M.  Vincent ;  and  at  this  height 
there  grow  only  a  few  wild  herbs  that  exhale  a  very  strong 
odour. 

After  a  few  minutes  rest  we  ascended  various  eminences, 
and  reached  the  second  barrack  of  the  minors,  at  the  distance 
of  a  league  from  the  mills,  and  where  the  region  of  the  gla- 
ciers begins.  Immediately  Jbehind  this  cabinet  commences  the 
first  perpetual  snow,  over  which  we  walked  more  than  an  hour, 
and  arrived  for  the  night  at  the  last  barrack  of  M.  Vincent's 
workmen.  r 

According  to  Daubuisson  and  others,  this  cabin,  which  is 
only  inhabited  two  months  in  the  year,  is  the  highest  in  Eu- 
rope* It  is  situated  on  a  branch  stretching  from  the  central 
mass  of  Monte  Rosa,  and  it  separates  the  great  glacier  of 
Indren  from  that  of  Embours.  The  cabin  is  placed  on  a 
rock,  almost  vertical,  and  its  entrance  can  only  be  reached  by 
a  path  two  feet  in  width*  Here  the  barometer  stood  at  19 
inches  6  lines,  and  the  thermometer  at  14'^  of  Reaumur,  which, 
according  to  Lindenau's  tables,  corresponds  to  a  height  of 
10,086  Paris  feet,  or  1681  toises. 

At  the  foot  of  this  declivity,  on  the  side  of  Embours,  are 
situated  the  galleries  of  the  mines,  to  which  we  descend  by  a 
zigzag  path  cut  in  the  rock. 

Here  we  passed  the  night,  under  a  mild  temperature  and  a 
serene  sky,  but  t  experienced  a  decided  oppression  on  the 
chest,  which  prevented  me  from  closing  my  eyes  the  whole 
night*     At  break  of  day  we  rose,  and,  strengthened  by  a  little 
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soup,  we  continued  our  course ;  M.  Vincent  and  the  c:ni(les 
having  their  eyes  covered  wiih  crape,  wiiile  mine  were  de- 
fended by  spectacles  with  blue  lenses. 

Thus  equipped^  we  reached  the  Glaciers,  properly  so  call- 
t^d,  at  the  distance  of  only  twenty  steps  behind  our  barrack. 
The  air  was  loaded  with  vapours  ;  but  we  still  cherished  the 
expectation  of  a  6ne  day.  As  soon  as  we  arrived  at  the  first 
plane  of  the  glacier  of  Indren,  which  unites  itself  towards  the 
S.  W.  of  the  glacier  of  Garstlets,  we  perceived  towards  the 
W.  N.  W.  the  first  rays  of  the  sun  which  gilded  the  majestic 
SUmniits  of  Mont  Blanc,  Mont  Velant,  and  Mont  Cervin,  and 
the  further  summit  of  Monte  Rosa,  which  formed  the  object  of 
Our  labour.  This  was  a  view  of  which  no  pen  can  even  trace 
the  outline. 

We  advanced  for  several  hours  over  these  plains  of  ice^ 
which  resembled  the  waves  of  the  sea,  without  being  stopped 
by  icy  crevices,  partly  from  the  massy  surface  being  so  solid 
as  to  support  us,  and  even  serve  as  a  bridge  over  the  preci- 
pices, and  partly  from  our  keeping  to  the  right,  as  the  least 
dangerous  side  of  the  mountuuious  declivity,  near  the  places 
where  the  glacier  of  Embours  commences  towards  the  N.  E# 
From  this  glacier  there  stretches  out  one  of  the  branches  of 
the  Sessia.  Proceeding  a  few  hundred  yards  farther  on  the 
crest  of  the  rock,  and  being  greatly  fatigued,  we  refreshed 
ourselves  for  a  while  with  a  lew  drops  of  Madeira.  • 

I  here  observed  the  barometer,  which  indicated  a  height  of 
11.256  feet  above  the  level  of  the  sea.  We  could  with  diffi- 
culty see  upon  the  rocks  some  lichens,  and  some  umbilicariae, 
all  other  vccetation  having  ceased. 

The  bare  and  arid  stone  showed  itself  from  time  to  time, 
tttid  even  upon  this  the  eye  delights  to  repose,  when  exhausted 
with  the  brightness  of  the  snow.  Having  rested  here  another 
half  hour,  we  pursued  our  journey  over  the  icy  ridges,  which 
became  more  and  more  rugged  as  we  advanced  ;  and  we  were 
often  obliged  to  stop  for  breath,  particularly  when  we  encoun- 
tered large  crevices  marked  out  by  long  blue  lines,  and  which 
we  were  obliged  to  ascend  by  winding  round  their  extremities. 

Frequently  were  we  obliged  to  trust  ourselves  upon  bridges 
of  snow,  the  strength  of  which  we  had  no  means  of  ascertain- 
ing 5  and,  drenched  with  perspiration,  we  continued  to  ascend, 
«eldoin  discovei'infi^  the  tracks  of  those  who  had  preceded  us. 
The  horizon  now  began  to  be  overcast.  From  the  bosom  of 
the   valley  there  ascended,  in  all  directions,  thick  vapours^ 
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which  excited  great  alarm  respecting  our  return.  The  fine 
view  which  we  had  enjoyed  disappeared,  and  the  azure  sky 
showed  itself  only  through  the  small  openings  between  the 
clouds.  We  had  still  before  ns  another  declivi  y,  before  we 
reached  the  base  of  the  aiguille.  We  passed  with  rapidity 
below  an  enormous  wall  of  ice,  having  the  form  of  a  canopy, 
and  threatening  to  overwhelm  us.  Our  alarm  on  this  occasion 
was  not  without  reason,  for  1  saw  the  tremertdous  mass  fall  on 
the  following  day,  with  a  crash  like  the  loudest  thunder ;  and, 
in  the  month  of  September,  fiom  the  observatory  of  Turin,  I 
was  able  to  distinguish,  with  a  good  lelescopej  the  scattered 
fragments  of  this  icy  wail. 

Not  far  from  this  place  M.  Vincent  feh  a  tendency  to  faint ; 
but  it  soon  left  him,  and  having  succeeded  in  surmounting  this 
last  crest  of  ice,  it  only  remained  for  us  to  ascend  the  aiguille 
itself.  To  the  right,  and  below  a  rock  almost  perpendicu'ar, 
and  at  the  depth  ofiiearly  150  toises,  (300  yards,)  we  saw  the 
great  glacier  of  Alagna,  intersected  with  crevices  ;  and  to  the 
left  we  had  a  snowy  declivity,  which  gradually  rose  to  form 
above,  the  point  which  we  were  anxious  to  reach. 

Towards  its  base,  this  same  declivity  was  eitended  by  an 
en:)rmous  crevice  from  eight  to  twelve  yards  at  its  mean  width,' 
and  nearly  200  yards  long,  and  which  is  capable  of  being  seen 
from  the  observatory  of  Turin,  lis  sides  were  of  a  bluish- 
gray  tint,  and  at  an  immense  depth  there  was  seen  sin  enor- 
mous quantity  of  water.  In  the  middle  of  these  two  horrible 
precipices,  the  crest  which  I  have  mentioned,  or  one  of  the 
angles  of  this  species  of  pyra^nid,  upon  which  we  were,  lead- 
ing us  often  astray  to  the  more  dangerous  abyss  on  the  right, 
was  the  road  by  which  alone  we  could  ascend  to  the  summit 
of  the  aiguille.  We  had,  therefore,  no  choice. '  After  some 
minutes  rest,  the  boldest  of  our  party,  a  miner,  advanced  with 
a  hatchet  in  his  hand  to  cut  out  holes  for  our  feel.  The 
hunter  followed,  to  remove  whh  his  shovel  the  debris  of  thfe 
ice.  M.  Vincent  marched  next,  while  I  brought  up  the  rear. 
The  steps  were  formed  on  the  declivity  of  this  tortuous  ascent, 
and  upon  this,  the  body  being  inclined  one  half,  we  were  al- 
most suspended.  We  grasped  firmly  with  our  right  arm  the 
margin  of  the  abyss  towards  the  glacier  of  Alognan,  and,  from 
the  bent  position  'nto  which  we  were  thrown,  often  onl)  a  single 
point  of  our  feet  was  supported  on  the  step:^  Surrounded 
with  so  many  difficulties  and  perils,  we  advanced  with  the 
greatest  precautions ;  for  the  least  false  step  would  >iufal]ibly 
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have  precipitated  us  on  the  right  or  on  the  left.  We  aided 
ourselves  with  an  iron  pointed  staff  as  often  as  this  was  pos- 
sible, and  thus  slowly  reached  the  half-way  point  of  the  crest, 
keeping  always  to  the  left,  when  the  sight  of  a  projecting  rock, 
on  which  we  might  take  a  little  rest  in  safety,  began  to  de- 
light us  at  a  distance.  We  continued  for  some  time  quiet  at 
our  post,  in  order  to  give  time  to  the  miner  to  continue  his 
work,  when,  all  on  a  sudden  we  saw  the  hunter  grow  pale, 
and  support  himself  in  a  tottering  position  on  the  declivity  at 
his  left.  M.  Vincent,  who  was  nearest  him,  was  alone  able 
to  give  him  assistance ;  for  the  miner,  who  was  before  the 
hunter,  was  unable  to  go  backwards,  while  I  durst  not  quit  my 
position  for  fear  of  slipping  down.  M.  Vincent,  therefore, 
with  much  presence  of  mind,  took  a  handful  of  snow,  and 
rubbed  with  it  several  times  the  forehead  and  temples  of  the 
poor  hunter.  This  application  was  so  successful  at  this  criti- 
cal juncture,  that  we  had  no  occasion  to  have  recourse  to  the 
spirituous  liquors,  which  the  hunter  himself  carried  on  his 
back. 

This  accident,  which  might  have  proved  very  alarming  to 
us  all,  caused  us  to  forget  our  own  danger ;  for  we  were 
scarcely  at  our  ease,  and  our  safety  depended  solely  on  the 
strength  of  our  joints.  During  this  crisis,  the  miner  carried 
on  his  work  till  he  reached  the  projecting  rock  above  men- 
tioned, which  we  were  gradually  approaching  with  slowness 
and  circumspection.  We  at  last  reached  it,  and  it  was  for- 
tunate that  we  did  ;  for  we  had  great  need  of  rest.  Our  small 
provisions  were  now  displayed,  consisting  of  bread  and  cheese, 
cold  meat,  onions,  and  wines,  which  contributed  to  renew  our 
strength  so  easily  re-established  in  elevated  regions. 

It  was  now  half-past  eleven,  and  we  had  still  a  half  a  league 
to  march.  A  proposal  was  now  luade  to  tie  us  all  together 
with  the  same  cord  ;  but  I  resisted  this  measure,  as  the  slip- 
ping of  a  single  foot  might  have  dragged  us  all  together  into 
the  abyss. 

Our  first  guide  again  set  oiTt  to  excavate  new  steps  with 
his  hatchet,  and  we  soon  came  up  with  him  by  an  ascent  that 
became  more  and  more  rugged.  The  brink  of  the  snow  be- 
gan to  grow  wider,  and,  after  fifty  steps  of  less  difficult  ascent, 
we  at  last  reached  the  summit  of  the  Needle.  It  was  now 
past  12  o'clock,  and  the  road  which  we  had  formed,  by  cutting 
more  than  600  steps  in  the  ice,  had  cost  us  three  hours  of 
difficult  and  laborious  exertion. 
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The  summit  on  which  we  uow  stood  was  about  sIk  yards  in 
diameter.  The  triangular  space  which  it  forms  is  rounded 
towards  the  south.  It  has  a  very  steep  declivity  to  the  S.  E. 
and  the  form  of  a  lialf  moon  towards  the  N.N.E. 

It  is  from  this  last  point  that  there  sets  out  a  particular  and 
uninterrupted  ciiain  of  mountains,  which  stretch  to  the  plains 
of  Cauavais,  and  terminate  with  the  Serre  near  Cigliano* 

The  view  which  was  now  presented  to  us  of  this  basin, 
surrounded  with  these  immetise  glaciers,  and  studded  on  its 
margin  with  five  large  aiguilles,  and  many  of.  smaller  size,  was 
in  itself  truly  unique. 

This  part  of  the  landscape  alone  was  illuminated  by  a  per- 
fectly serene  sky,  whilst  the  rest  of  the  horizon,  which  ex- 
tended far  over  Piedmont  and  Lombardy,  was  obscured  by 
clouds,  and  deprived  us  of  one  of  the  finest  views  which  could 
be  seen.  A  single  opening  in  the  clouds  permitted  us  to  see 
the  valley  of  Lys,  which  we  had  great  difiiculty  in  recognising. 
It  appeared  like  an  obscure  cleft  of  a  rock,  which  the  Lys, 
like  a  thread  of  silver,  traversed  with  its  serpentine  stream* 
The  atmosphere  around  us  was  entirely  free  of  vapours  ;  and 
the  cyanometer  of  Saussure  indicated  the  intensity  of  the  blue 
colour  of  the  sky  to.be  from  38°  to  40^ 

The  soimd  of  the  voice  appeared  to  be  less  here  than  else- 
where, owing,  no  doubt,  to  the  air  being  scarcely  fitted  by  its 
rarity  for  the  propagation  of  sound.  A  perfect  silence  reign- 
ed around  us,  and  a  gentle  zephyr  scarcely  breathed  from  the 
S.W,  and  the  N.E.  As  soon  as  we.  had  recovered  from  the 
agitation  and  fatigue  of  our  journey,  I  felt  my  own  pulse  and 
also  that  of  the  others.  M.  Vincent's  was  80  in  the  minute, 
mine  was  101,  that  of  the  hunter  77,  and  that  of  the  miner 
104. 

The  barometer  and  thermometer  remained  steady  at  the 
same  point,  from  half-past  one  to  half-past  three  o'clock,  as 
follows : 

Barometer 16  inches  10  lines. 

Attached  thermometer    •     •     .  12*  Reaumur. 

Detached  thermometer      .     .       8^^  do. 
On  the  same  day,  at  the  observatory  of  Turin^  the  following 
observations  were  made : 

Barometer     ..•..••  27  inches  3  lines. 

Thermometer 26*,4, 

Thermometer  towards  the  north    24**. 
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According  to  the  Tables  of  M.  de  Lindenau,  these  obser- 
vations §'rve  a  height  of  2820  toises,  or  13,920  feet  above  the 
Jevel  of  the  s.»a. 

We  were  very  little  disposed  to  eat,  bnt  we  were  all  very 
thirsty.  We  made  a  moderate  repast,  and  drank  a  little  of  ihe 
Alkermes  to  the  health  of  the  celebrated  naturalists  De  Saus- 
sure  and  Alexander  Humboldt. 

I  remarked  upon  the  snow  some  silvered  butterflies,  having 
some  resemblance  to  our  common  butterflies,  of  a  pearley  hue, 
In  stooping  to  catch  some  of  these  little  insects,  1  experienced 
a  considerable  giddiness,  which  went  off  ais  soon  as  I  recover* 
ed  the  erect  position. 

I  now  began  my  trigonometrical  observations,  and  measured 
the  altitude  of  three  of  the  principal  aiguilles,  which  I  have 
already  mentioned,  by  means  of  a  compass  divided  into  3G0** 
which  was  skilfully  adjusted  to  a  level,  and  a  telescope,  as 
well  as  a  semicircle  also  divided  into  the  same  number  of  de- 
grees. From  these  observations  I  obtained  the  following 
heights  above  our  positions : 

Feet. 
The  first  aiguille,  towards  the  N.  E.  of  our  position,  and 

which  rose  from  the  glacier  ©f  Alagna,  was  .  .  •  5G0 
The  second  point,  of  a  mammillaled  form,  and  which  rose 

by  steps  iro-n   the  great  glacier  of  Lys,  between  the 

N.W.  and  N.N.W 1200 

The  third,  and  the   most  remote,  as  well  the   highest, 

rose  towards  the  N.N.E.  almost  perpendicularly,  from 

tue  botom  of  the  glacier  of  Macugnaga,     ....     1680 

But,  as  the  absolute  height  of  our  position  was  13,920  Paris 
feet,  it  follows  that  the  highest  summit  of  Monte  Rosa  is 
15,600  Paris  feet  above  the  level  of  the  sea. 

It  must  be  admitted,  that,  in  this  determination,  there  is 
some  imperfection  ;  but  it  cannot  be  doubted,  that  the  highest 
point  of  Monte  Rosa  exceeds  considerably  that  of  Mont  Blanc^ 
and  that  we  can  no  longer  dispute  hs  claim  to  be  the  highest 
mountain  in  Europe,  since  Mont  Blanc,  according  to  Pro- 
fessor Tralles,  is  only  14,793  Paris  feet  above  the  level  oi 
the  sea. 

As  it  was  now  four  o'clock,  our  stay  could  not  be  prolonged 
with  safety,  and  we  accordingly  set  out  on  our  descent,  in  the 
same  order  in  which  we  came,  and  by  the  same  steps.  About 
100  paces  from  the  place  where  the  descent  was  not  very 
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steep,  I  detached  some  fragments  of  a  rock,  which  ajppeared 
to  he  what  is  called  aventurine,  with  quartzy  and  read  mica- 
ceous scales. 

We  had  no  sooner  begun  our  descent  along  the  icy  declivi- 
ty, than  we  saw  with  terror  that  the  sun  had  softened  the 
snow  with  which  the  ice  was  covered.  This  was  the  greatest 
disaster  which  could  have  occurred  to  us  ;  and,  in  such  cir- 
cumstances, good  advice  would  have  been  invaluable ;  for  our 
lives  were  so  evidently  in  danger,  that  we  were  on  the  point 
of  despairing  of  our  return.  It  became  necessary  to  re-cut, 
in  a  great  degree^  the  steps  which  we  had  excavated  in  the 
morning ;  and  we  thus  advanced  with  infinite  difficulty,  taking 
care  at  each  step  to  drive  into  the  ice  the  spikes  which  we 
bad  upon  our  shoes. 

At  this  time  there  was  displayed,  in  all  its  horror,  the  fright- 
ful abyss  which  opened  at  our  side,  and  we  were  obliged  to 
turn  our  eyes  from  the  scene  as  much  as  we  could.  The 
slightest  blast  of  wind  would  have  precipitated  us  with  as 
much  facility  as  it  would  have  carried  off  the  slenderest  leaf. 
With  every  precaution,  therefore,  we  slid  in  trepidation  along 
this  dangerous  crest,  to  the  commencement  of  a  large  crevice 
which  was  formerly  mentioned,  and  where  the  glacier  assum- 
ed at  last  a  more  rounded  form.  The  greatest  dangers  were 
now  past ;  and,  extended  on  the  snow,  we  recruited  ourselves 
by  our  spirituous  liquors.  The  two  workmen  emptied,  at 
a  few  draughts,  a  bottle  of  Jamaica  rum,  while  M.  Vincent 
and  I  preferred  a  little  of  the  Madeira,  which  still  remained. 
The  repast  which  we  then  made  was  the  most  delicious  we 
had  ever  enjoyed,  and  we  returned  thanks  to  Providence  od 
finding  ourselves  out  of  the  dangers  to  which  we  had  just 
been  exposed.  After  half  an  hour's  repose,  we  tied  ourselves 
to  one  another,  at  the  distance  of  twenty  paces,  by  means  of 
a  very  long  cord,  for  on  this  occasion  I  approved  of  the 
scheme,  and  we  marched  gaily  forward,  with  the  snow  some- 
times up  to  our  knees.  In  order  to  shorten  our  road,  we  often 
slid  down  steep  declivities,  always  tied  to  one-  another,  and 
without  taking  much  care,  of  the  crevices  which  might  have 
crossed  our  path,  being  rather  heedless  of  smaller  dangers, 
after  the  great  ones  which  we  had  survived. 

In  this  state  of  confidence,  when  we  were  all  sliding  down 
a  declivity,  the  one  being  drawn  by  the  other,  the  first  upon 
the  cord  arrived  at  a  crevice.  The  snow  which  covered  it 
sunk  down  all  on  a  sudden,  and  the  poor  man  fell  backwards 
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into  the  crevice.  M.  Vincent,  who  followed  bim  with  his  eye, 
bad  the  presence  of  mind  to  strike  his  iron-pointed  baton 
against  the  sides  of  the  ice,  and.  by  this  quick  manoeuvre  he 
prevented  us  from  tumbling,  one  over  another,  into  the  cre- 
vice. The  man  who  had  fallen  in,  did  his  best  to  extricate 
himself  from  the  crevice,  and  by  our  assistance  he  was 'brought 
out  with  no  other  injury  than  a  little  fright,  which  retidered  us 
all  more  circumspect  in  future. 

In  our  progress  we  heard,  more  than  once,  both  from  our 
right  and  left,  loud  noises,  similar  to  claps  of  thunder,  which 
were  produced  by  the  fall  of  great  masses  of  ice,  or  avalanches 
of  snow,  which  the  heat  of  the  day  had  detached. 

Exhausted  with  fatigue,  and  drenched  with  perspiration, 
we  arrived,  towards  the  evening,  at  the  same  barrack  from 
which  we  had  set  out  in  the  morning,  and,  with  a  good  fire, 
and  a  little  nutritive  soup,  we  spent  the  night  in  tranquillity. 
On  the  next  day,  the  13th  of  August,  our  eyes  began  to  smart, 
as  welt  as  the  skin  of  our  faces,  and  some  days  afterwards  it 
peeled  off,  and  slightly  disfigured  us. 

The  chain  of  Monte  Rosa,  which  we  passed  over  towards 
the  south,  appeared  to  be  composed  of  alternate  beds  of  gneiss 
and  grained  granite.  From  Gressoney,  on  the  left  of  the  Lys, 
io  Urssieu,  and  even  to  the  cow  stations  of  Gabiet,  calcareous 
rock  and  common  serpentine  prevailed. 

On  the  right,  towards  the  Pass  of  Olen,  we  found  foliated, 
or  scaly  serpentine,  and  an  ore  of  iron  ;  and  some  paces  high- 
er I  found  the  radiating  asbestos,  and  epidote  containing  small 
garnets.  We  afterwards  met,  in  several  places,  the  debris  of 
granite,  in  efflorescence,  of  a  reddish  brown  colour,  between 
the  beds  of  which  there  occurred  a  very  compact  ore  of  anti- 
mony. Towards  the  top,  and  about  a  league  beyond  the 
commencement  of  the  icy  region,  we  find  the  gold  inine  of 
M.  Vincent,  withjn  the  •  veined  granite,  mixed  with  milky 
quartz.  The  veins  of  this  mine  stretch  from  S.W.  to  N.E. 
and  are  placed  almost  vertically,  like  the  primitive  rock.  The 
gneiss  and  th(^  quartzy  vein  accompany  one  another  almost 
invariably,  even  to  the  summit  of  the  motmtain. 

Thus  terminated  an  excursion  to  the  glaciers,  more  happily 
than  we  had  reason  to  expect.  If  Providence  still  give  us 
health,  and  a  favourable  opportunity,  we  propose,  in  another 
journey,  to  go  to  the  centre  of  the  crown  formed,  by  the  aiguil- 
les of  Monte  Rosa,  for  the  purpose  of  ascertaining  correctly 
its  figur)e  and  height,  and  of  examining,  at  this  prodigious  eleva- 
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tion,  the  pheaomena  of  light,  heat,  aiid  of  the  hoiling  point  of 
water.  Our  efforts  will  be  particularly  directed  to  effect  the 
ascent  of  the  highest  point  of  Monta  Rosa ;  and  we  venture 
to  say,  that  we  want  neither  the  courage  nor  the  bodily  strength 
which  this  ascent  requires. 
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Dod)ereiner^s  recent  Discovery ,  to  Eudiometry.    By  Edward 

Turner,  M.  D.,  Fellow  of  the  Royal  College  of  Physicians, 

and   Lecturer  on   Chemistry,  Edinburgh.  '   [JErf.  PhUos* 

'  Joum.'\     (  Concluded  from  p.  243.) 

It  appeared,  from  some  experiments  related  in  a  pre- 
ceding part  of  this  paper,  that  the  presence  of  certain 
gases  has  a  positive  influence  in  diminishing,  or  even  pre^ 
venting  the  action  of  platinum-  A  nearer  investigation  of  this 
point  was  of  course  connected  with  the  immediate  object  of 
the  present  inquiry,  but  was  undertaken,  not  with  this  inten- 
tion alone,  but  with  the  view  of  drawing  a  parallel  between 
Platinum  and  Electricity,  relative  to  their  action  on  explosive 
mixtures. 

Given  volumes  of  a  mixture  composed  of  hydrogen  and 
oxygen,  in  the  exact  proportion  to  form  water,  and  quite  dry, 
were  mixed  with  various  quantities  of  other  gases,  and  sub- 
mitted to  the  action  of  electricity.  A  strong  charge  from  a 
Leyden  jar  did  not  cause  detonation,  when  one  volume  of  the 
explosive  mixture  was  diluted  with 

12  vol.  of       .                .        «    Atmospheric  Air. 

14  "     "  .                .        .        Oxygen. 

9  "     "        .        .        .        .    Hycfrogen. 

9  •«     <*  .        .                        Nitrous  Glide. 
4  "     «                .                .    Carbonic  Glide. 

3  «     «     .        .        .  Carbonic  Acid. 
1     «     «        .        .        .        .    GlefiantGas. 

J  "     «*    .        ,        .  Coal  Gas. 

J  «*"...        .  Sulphuretted  Hydrogen. 

1  "     "     .  Ammontaca)  Gas. 

4  <*     " Muriatic  Acid  Gas. 

2  "     "    .  Sulphurous  Acid  Gas. 

Detonation,  op  the  contrary  was  not  prevented  by 

10  vol.  'of  .    Atmospheric  Air. 
12     "     *•    .        .  Oxygen. 

7     "     "        .        .        .        .    Hydrogen. 
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7  vol. 

of       .        . 

.    Nitrous  Oside. 

3     " 

it 

Carbonic  Oxide. 

3     " 

tt 

.    Carbonic  Acid. 

i    " 

<( 

Olefiant  Gas. 

^    " 

ti 

.    Coal  Gas. 

r- 

<c 

Sulphurelted  Hydrogen. 

if 

.    Ammoniacal  Gas. 

8     « 

C( 

Mariatic  Acid  Gas. 

1     " 

t< 

•    Sulphurous  Acid  Gas. 

By  reference  to  p.  77,  of  Sir  H.  Davy's  woi k  on  the  safety- 
lamp,  it  will  be  seen,  that  several  of  my  results  differ  slightly 
from  bis.  The  chief  difference  relates  to  the  action  of  Nitrous 
Oxide,  which  he  finds  to  have  a  considerably  less  influence 
than  oxygen  in  preventing  detonation ;  while  my  observation 
leads  to  an  opposite  conclusion.  The  nitrous  oxide  I  em- 
ployed was  collected  over  mercury,  was  well  dried,  and  was 
not  used  for  hours  after  its  formation. 

Sir  H.  Davy  has  satisfactorily  proved,  that  the  combustion 
of  an  explosive  mixture  ceases  when  the  heat  produced  in 
the  process  is  very  rapidly  removed  ;  and  he  has  rendered  it 
probable,  that  the  coexistence  of  carbonic  acid  and  other  gases 
tends  to  extinguish  burning  bodies,  by  the  velocity  with  which 
they  carry  off  the  caloric  disengaged  during  the  combustion. 
It  is,  however,  by  no  means  clear,  that  this  is  the  only  efficient 
principle,  and  an  investigation  of  the  relative  power  of  differ- 
ent gases  in  preventing  the  inflammation  of  combustible  sub- 
stances, would  be  very  interesting,  and  might  throw  considerable 
light  upon  this  subject.  From  the  close  analogy  between  the 
effects  of  Flame  and  of  Electricity,  on  explosive  gaseous  mix* 
tures,  it  must  be  supposed  that  the  same  causes  which  modify 
the  action  of  the  one,  would  likewise  exert  some  influence  on 
the  other.  Now,  reasoning  from  the  best  data  we  at  present 
possess,  it  is  impossible  to  maintain,  that  the  effect  of  different 
gases  in  preventing  the  action  of  electricity  arises  only  from 
their  cooling  agencies.  Hydrogen  and  nitrous  oxide,  whose 
capacities  for  heat,  according  to  De  Laroche  and  Berard,  are 
widely  different,  have  an  equal  power  of  counteracting  the 
effect  of  electricity.  The  capacities  of  defiant  gas  and  nitrous 
oxide  bear  no  proportion  to  their  relative  powers  of  preventing 
explosion ;  and,  by  reference  to  the  preceding  Table,  other 
examples  of  a  similar  nature  will  readily  present  themselves. 
It  is  therefore  probable,  that  some  other  than  the  usually  ac- 
knowledged principle  is  applicable  in  the  instance  of  combus- 
tion, as  well  as  in  that  of  electricity.  This  view  receives 
additional  support  from  the  following  experiments. 
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The  presence  of  oxygen,  hydrogen,  and  atmospheriq  air, 
has  so  little  power  in  preventing  the  action  of  platinum,  that  I 
have  not  been  able  to  ascertain  the  exact  limits  at  which  it 
ceases  in  such  mixtures. 

Very  different  is  the  effect  of  some  other  elastic  fluids.  In 
mixtures  composed  of 


1  vol.  of  Carbonic  Oxide, 


I        It        it        t< 
1  vol.  of  Coal  Gas, 


1  vol.  of  Solphurous  Acid  Gas,  St  13 

I  U  ({  «(  It  "^ 


1  vol.  of  Sulphuretted  Hydrogen,  19 


6  vol.  of  Carbonic  Acid  Gas,  and  1 

g  ((  «  (I  u  I 


J5 


5  vol.  of  Muriatic  Acid  Gas,  and  1 


Exp.  Mixt.         Effects  of  a  Platinum  ball. 
and  3  vol.  a  Platinum  ball  had  no  effect  when 
cold,  and  hardly  any  when  warm. 

6  Ver>'  sluggish  action  when  cold,  but 

good  action  when  warm. 

7  Acted  well. 

3         No  action  when  cold ;  a  trace  of  ac- 
tion when  warm. 

6  Sluggish  action   when  cold;   more 

active  when  warm. 

7  Acted  well. 

defiant  Gas  acted  nearly  in  the 
same  way. 

No  action,  either  cold  or  warm. 
18         Rapid  action,  when  cold  or  warm  ; 
but  it  ceased  as  rapidly  as  it  be- 
gan, when  a  very  small  quantity 
of  Gas  had  disappeared. 
37         Acted  as  in  the  preceding  case,  only- 
more  gas  was  now  consumed  be- 
fore the  action  ceased. 
75         Very  rapid  action  at  first,  but  still  all 
the  mixture  was  not  consumed. 

The  influence  uf  the  sulphurous  Acid 
Gas  was  perceptible  when  it  was 
only  j^  of  the  mass. 

No  action,  either  cold  or  warm. 

Very  sluggish  and  imperfect  action. 

Rapid  action  at  first,  but  it  ceased 
before  all  the  gas  was  consumed. 

The  influence  of  this  gas  was  very 
perceptible  when  it  was  only  j4^ 
of  the  mass. 

Immediate  action. 

Immediate  and  perfect  action,  but 
rather  sluggish. 
1         Still  acted  completely. 

Diminution  of  volume  was  occasion- 
ed when  still  larger  quantities  of 
Carbonic  Acid  were  mixed  with 
1  vol.  of  the  Exp  Mixture.  Ni- 
trous Oxide  acted  very  much  like 
Carbonic  Acid.  Both  of  these 
gases  have  certainly  more  influ- 
ence in  preventing  the  action  of 
Platinum  than  Oxygen,  Hydrogen, 
and  Atmospheric  Air,  though  leSf 
than  the  other  gases. 

Very  slight  trace  of  action; 


29 
69 
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3  vol.  Muriatic  Acid  Gas,      and  1  vol.  Dfininution  of  vol.  lu  full  eiilcut,  but 

.sliii>gi>li  aclioii. 

1        "        "        **        "  4  Rapid  and  perfect  action ;  bqt  in  the 

inturinedfale  proportioos,  the  ball 
Mclcd  sluj^ishly,  aJthougU  per- 
fectly. 

1  vol.  of  Anizuoniacal  Gus,     and  3  No  action  cold,  but  with  consider- 

able eiiprgy  when  wariu. 

1        **        "        "        "  5  Acted  sluggishly,  but  diuiioution  wa» 

to  the  lull  extent. 

1        "        "        *'  -     "  9  Rapid  and  perfect  action. 

The  explosive  mixture  was,  as  usual,  formed  of  2  volumes 
of  hydrogen  to  1  of  oxygen.  By  the  term,  warm,  is  meaat, 
that  the  ball  was  put  into  the  gas  when  just  so  hot  as  to  be 
borne  on  the  palm  of  the  hand.  The  nio.st  active  ball  which 
I  could  make  was  employed  in  these  experiments ;  when  a^ 
weaker  was  used,  but  one  which  nevertheless  acted  with 
energy  on  the  pure  explosive  mixture,  the  counteracting  efTect 
of  several  gases,  as  carbonic  oxide,  olefiant  and  ammoniacal 
gas,  was  far  greater  than  is  stated  in  the  preceding  Table* 

This  singular  properly  of  certain  gases  can  by  no  means 
be  attributed  to  their  cooling  agency,  for  platinum  acts  on  an 
explosive  mixture  of  oxygen  and  hydrogen,  even  when  quite 
cold  ;  nor  will  the  mere  circumstance  of  dilution  account  for 
the  phenomena.  Heat  is  always  generated  by  the  ohemical 
changes  produced  ;  and  this  beat,  in  ordinary  circumstancesi 
greatly  augments  the  energy  of  the  platinum ;  but  mere  ab- 
straction of  caloric  could  obviously  have  no  other  effect  than 
to  cause  a  slower  action.  We  must  therefore  admit  the  oper- 
ation of  some  other  caus^,  which  is  at  present  quite  unde- 
termined ;  and,  as  the  same  gases  which  prevent  the  action 
of  platinum,  likewise  control  the  influence  of  electricity,  it 
seems  rational  to  infer,  that  the  same  power  operates  to  a  cer- 
tain extent  in  both  cases. 

I  have  hitherto  made  no  allusion  to  the  principle  by  which 
platinum  acts  in  causing  the  combination  of  oxygen  and  hy- 
drogen gases.  The  investigation  is  so  obscure  and  difficult, 
that  it  can  only  be  attempted  with  a  prospect  of  success  after 
the  accumulation  of  many  facts ;  nor  do  the  experiments  I 
have  hitherto -make,  justify  the  decided  adoption^ of  any 
opinion.  Prof.  Doebereiner  imagines  that  galvanism  is  the 
principle  concerned ;  that,  by  putting  platinum  into  an  explo- 
sive mixture,  we  establish  a  simple  galvanic  circle,  in  which 
the  hydrogen  represents  the  zinc.     That  ingenious  chemist 
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has  not,  to  my  knowledge,  advanced  one  argument  in  proof  of 
his  assumption,  and  has  been  led  to  it  purely,  as  1  imagine,  by 
the  impossibility  of  explaining  the  phenomena  on  any  oiher 
known  principle.  It  is,  however,  belter  in  science  to  account 
for  phenomena  on  known  principles,  than  to  search  unneces- 
sarily for  new ;  and,  as  galvanism  does  aiibrd  us  a  rational 
explanation,  while  we  have  no  positive  proof  that  it  is  not  the 
agent  concerned,  we  can  hardly  refuse  a  certain  degree  of 
belief  to  the  ingenious  supposition  of  Prof.  Doebereiner.  The 
facts  which  have  been  stated  in  ihe  present  paper  give  ad- 
ditional plausibility  to  this  view  ;  for,  on  taking  a  comparative 
survey  of  the  two  Tables,  which  show  the  efl'ect  of  gases  in 
preventing  the  action  of  electricity  and  platinum,  a  singular 
coincidence  will  be  observed,  which  certainly  cannot  be  the 
result  of  chance.  One  or  two  exceptions  do  indeed  occur, 
but  these  are  far  ouiweiglied  by  the  instances  which  are  fa- 
vourable to  this  side  of  the  question,  and  which  may  be  ad- 
duced in  support  of  it.  It  must,  on  the  conirafy,^be  confessed, 
that  all  my  attempts  to  render  electrical  excitement  evident,  by 
means  of  an  electr^neter,  have  wholly  failed.  This  negative  ar- 
gument does  ncjf,  however,  merit  much  confidence,  because  the 
copious  production  of' water  forms  such  a  conducting  atmos- 
phere around  the  metal,  as  effectually  to  prevent  the  most 
delicate  electrometer  from  being  affecied* 

Before  concluding  this  paper,  I  shall  mention  a  few  de- 
tached facts,  which  may  not  be  uninteresting  to  the  Society, 
and  which  will  show  what  precautions  are  necessary  for  en- 
suring the  regular  action  of  platinum. 

On  exposing  pure  spongy  platinum  to  the  air  and  dust  of 
an  ordinary  sitting-room,  the' metal  gradually  loses  its  peculiar 
property.  After  three  dciys  it  still  became  luminous  from  a 
jet  of  hydrogen,  but  at  the  end  of  six  days  no  action  ensued, 
not  even  when  it  was  put  into  a  mixture  of  oxygen  and  hy- 
drogen. By  simply  igniting  the  platinum,  its  energy  was 
completely  restored.  A  piece  of  platinum  was  kept  in  a 
closed  drawer  of  the  same  apartment  in  such  a  manner,  that 
it  was  freely  exposed  to  the  air,  but  protected  from  dust.  At 
the  close  of  a  fortnight,  it  still  set  fire  to  hydrogen,  though  its 
■energy  was  somewhat  diminished.  Some  of  the  metal  was 
kept  a  month  in  a  dry  bottle,  furnished  with  a  glass-stopper, 
ami  then  acted  quite  well.  A  platinum  ball  lost  and  retained 
its  energy  under  similar  circumstai:ces. 
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A  piece  of  active  platinum  invariably  failed  to  give  light,  {f 
kept  21  hours  on  mercury,  the  effect  being  the  same  whether 
it  was  covered  by  an  inverted  jar  or  not.  On  keeping  an 
active  ball  in  contact  with  mercury  during  two  hours,  its  energy 
was  perceptibly  impaired.  The  action  of  mercury  is  still 
more  injuriou.s,  when  a  heated  ball  is  plunged  under  it,  and 
held  there  during  a  few  seconds. 

Spongy* platinum  absorbs  water  greedily  when  any  part  of 
it  is  dipped  into  that  liqtiid,  and  then  does  not  become  lumin- 
ous under  the  jet  of  hydrogen.  A  platinum  ball  absorbs  water 
in  like  manner,  and  in  consequence  loses  its  activity.  On 
putting  a  ball  thus  moistened  into  mixed  oxygen  and  hydrogen 
gases,  an  exceedingly  sluggish  action  ensued,  during  which  a 
large  quantity  of  water  condensed  on  the  glass.  By  remov- 
ing the  ball  successively  into  fresh  portions  of  the  explosive 
mixture,  it  gradually  lost  much  of  its  moisture,  and  regained 
a  great  part  of  its  former  energy,  which  was  not,  however, 
completely  restored  till  it  had  been  ignited.  Similar  to  this 
was  the  effect  of  moistening  a  bail  with  alcohol  and  ether, 
only  the  activity  returned  more  speedily  under  the  same  treat- 
ment. Spongy  platinum,  if  moistened  with  very  strong  sul- 
phuric ether,  did  become  luminous  under  a  continued  jet  of 
hydrogen,  but  when  alcohol  or  water  was  used  it  did  not.  A 
platinum  ball  moistened  with  sulphuric,  nitric,  and  muriatic 
acids,  did  not  act  at  all  on  an  explosive  mixture,  but  ignition 
restored  its  activity. 

When  platinum  is  kept  for  hours  in  dry  oxygen,  hydrogen, 
or  atmospheric  air,  it  acts  afterwards  on  an  explosive  mixture 
with  its  usual  activity.  An  active  platinum  ball  was  kept  in 
carbonic  acid  during  an  hour,  and  afterwards  acted  readily  on 
an  explosive  mixture.  The  same  ball  was  put  successively 
into  olefiant  gas,  carbonic  oxide,  and  coal  gas,  for  five  minutes, 
and  suffered  a  considerable  abatement  of  its  energy  in  conse- 
quence, but  still  acted.  Put  into  muriatic  acid  gas,  for  the 
same  space  of  time,  it  acted  still  more  sluggishly.  Kept  for 
the  same  time  in  sulphurous  acid,  sulphuretted  hydrogen  and 
ammoniacal  gas,  it  had  completely  lost  its  energy,  for  it  oc- 
casioned no  diminution  of  volume  when  brought  in  contact 
with  the  explosive  mixture. 

Spongy  platinum  was  pressed  between  two  pieces  of  clean 
metal,  till  it  had  become  a  compact  leaf  of  platinum.  Its 
effect  on  a  jet  of  hydrogen  was  tried  at  different  periods  of 
the  process.     So  long  as  any  of  the  porous  texture  remained, 
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H  still  became  hirainoiw ;  but  when  this  wasr  wholly  destroyed, 
it  gave  00  light  whatever.  A  very  gentle  heat  still  enabled  it 
to  become  luminous,  an4  to  inflame  the  hydrogen.  I  have 
repeated  whh  success  the  experiments  mentioned  by  MM. 
Tbenard  and  Dulong^  of  tfarowtog  a  jet  of  hydrogen  on  a  fold 
of  platinum  foil,  and  on  a  coil  of  the  wire.  The  metal  under 
this  form  requires  to  be  sharply  heated  for  this  purpose,  to  a> 
degree  apparently  beyond  that  at  wbkh  mercury  boils. 

The  lamp  without  flame,  proposed  by  Sir  H.  Davy  to  be 
ibrmed  with  a  coil  of  platinum  wire,  may  be  conveniently 
made  with  spongy  platinum.  The  porous  mass,  need  only  be 
supported  just  above,  but  very  dohe  to  the  wick,  by  means  of 
n  tfmall  wire ;  and  when  the  spirit-lamp  is  allowed  to  burn  for 
a  few  seconds,  and  is  then  blown  oat,  the  metal  becomes  red, 
and  continues  so  till  the  alcohol  is  consumed.  By  this  means 
a  considerable  body  of  light  may  be  obtained,  by  which  one 
can  read  small  print,  or  see  even  the  seconds  hand  of  a  watch 
with  perfect  precision.  Sir  H.  Davy  proposes  to  suspend  a 
coil  of  platinum  within  the  safety-lamp,  in  this  expectation, 
that,  should  the  atmosphere  of  a  mine  become  at  any  time  so 
charged  with  fire-damp  as  to  extinguish  the  lamp  itself,  the 
platinum,  by  maintaining  a  slow  combustion,  would  aflbrd  a 
certain  degree  of  l%ht  to  the  miner.  Should  this  be  really 
osefd,  still  greater  advantage  would  probably  be  derived  from 
suspending  spongy  platinum,  inclosed  in  a  little  wire  cage  of 
Ae  same  metal  within  the  safety-lamp,  as  the  mass*  of  light 
would  then  be  increased. 

The  product  of  the  slow  combustion  of  alcohol  by  means  of 
the  porous  platinum,  is  only  carbonic  acid  and  water  ;  1  haTa* 
not  at  least  detected  either  the  acetic  or  any  other  acid. 


.  Art.  XLVn. — Instructions  respecting  ParcUonnerres^  or  Con-' 
ductors  of  Lightning,  Extracted  from  the  Report  of  M. 
Gay-Lussac,  in  the  name  of  a  Commissbn  appointed  by 

.    the  Royal  Academy  of  Sciences  of  Paris.*    [Ann.  PhU.^ 

The  principal  object  of  the  report  (which  was  drawn  up  at 
the  request  of  the  Minister  of  the  Interior),  is  to  direct  work- 
men in  the  construction  and  mode  of  fixing  conductors  on 

*  From  the  Annates  de  Chimle. 
70L.  II«— NO.  5.  55 
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buildingSy  tsc.     It  is  divided  into  two  parts,  one  theoretical^ 
tiie  other  practical. 


Theoretical  Part. 

Principles  respecHng  the  Action  of  lAglUning^  or  Electric 
Matter^  and  of  Conductors. 

Lightning  is  the  sudden  passage  of  electric  matter  through 
the  air,  with  the  evolution  of  great  light,  from  cloiids  highly 
charged  with  that  fluid  ;  its  velocity  is  immense,  far  surpassing 
that  of  a  ball  at  the  moment  it  leaves  the  cannon,  and  is  known 
to  be  at  the  rate  of  about  1950  feet  per  second  of  time. 

The  electric  matter  penetrates  bodies,  and  traverses  their 
substance,  but  with  very  unequal  velocities;  through  some, 
which  are  therefore  called  conductors^  it  passes  with  great 
rapidity ;  such  are  well  burnt  charcoal,  and  water  ;  vegetables, 
auimals,  and  the  earth,  in  consequence  of  the  moisture  they 
are  impregnated  with,  and  saline  solutions;  but,  above  all, 
metals  afford  the  readiest  passage  to  the  electric  fluid.  A 
cylinder  of  iron,  for  instance,  is  a  better  conductor  than  an 
equal  cylinder  of  water  saturated  with  sea  salt,  in  the  ratio  of 
at  least  100000: 1,  and  the  latter  conducts  a  thousand  times 
better  than  pure  water« 

Non-conductors,  or  insulating  bodies,  oppose  great  resist- 
ance to  the  passage  of  electricity  through  their  substance; 
such  are  glass,  sulphur,  the  resins,  and  oils  ;  the  earth,  stones, 
and  bricks,  when  dry ;  air  and  aeriform  fluids. 

No  bodies,  however,  are  such  perfect  conductors  of  elec* 
tricity  as  not  to  oppose  some  resistance ;  which  being  repeated 
in  every  portion  of  the  conductor,  increases  with  its  length, 
and  may  exceed  that  which  would  be  offered  by  a  worse,  but 
shorter  conductor.  Conductors  of  small  diameter  also  con- 
duct worse  than  those  of  larger. 

The  electric  panicles  are  mutually  repulsive,  and  conse- 
quently tend  to  separate  and  disperse  themselves  through 
space.  They  have  no  affinity  for  bodies,  they  determine  only 
to  their  surfaces,  where  they  are  retained  solely  by  jbe  pres- 
sure of  the  atmosphere,  against  which  they,  in  their  turn,  -exert 
a  pressure  proportionate  at  every  point  to  tde  square  of  their 
number.  When  the  latter  pressure  exceeds  the  first,  the 
electric  matter  escapes  into. the  air  in  an  iuvisible  stream,  or 


wr  Conductdtt  of  Lightning.  431 

in  the  form  of  a  luminous  line,  commonly  called  the  electric 


The  stratum  of  electric  matter  on  the  surface  of  a  con- 
ductor is  not  of  equal  density  at  every  point  of  its  surface, 
except  it  be  a  sphere.  On  an  ellipsoid  the  density  is  greater 
at  the  extremity  of  the  great  axis  than  on  the  equator,  in  the 
ratio  of  the  great  axis  to  the  smaller ;  at  the  point  of  a  cone  it 
is  infinite.  In  general,  on  a  body  of  any  form,  the  density  of 
the  electric  matter,  and  consequently  its  pressure  on  the  air, 
is  greater  on  the  sharpest  or  most  curved  parts,  than  on  those 
that  are  flat  or  round. 

The  electric  matter  tends  always  to  spread  itself  over  con- 
ductors, and  to  assume  a  state  of  equilibrium  in  them,  and 
becomes  divided  amongst  them  in  proportion  to  their  form, 
and  principally  to  their  extent  of  surface.  Hence,  if  a  body 
that  is  charged  with  the  fluid  be  in  communication  with  the 
immense  surface  of  the  earth,  it  will  retain  no  sensible  portion 
of  it.  All  that  is  necessary,  therefore,  to  deprive  a  conductor 
of  its  electricity,  is  to  connect  it  with  the  moist  ground. 

Of  several  conductors  of  very  unequal  powers,  the  electric 
fluid  will  always  choose  the  most  perfect ;  but  if  their  differ- 
ences be  small,  it  will  be  divided  amongst  them  in  proportion 
to  their  capacity  for  receiving  it. 

A  Paratannerre*  is  a  conductor  which  the  electric  matter 
of  the  lightning  prefers  to  the  surrounding  bodies,  in  order  to 
reach  the  ground,  and  expand  itself  through  it :  it  commonly 
consists  of  a  bar  of  iron  elevated  on  the  buildings  it  is  in- 
tended to  protect,  and  descends,  without  any  divisions  or 
breaks  in  its  length,  into  water  or  a  moist  ground.  An  inti- 
mate connexion  of  the  paratonnerre  with  the  ground  is  neces- 
sary, in  order  that  it  may  instantly  transmit  the  lightning  as  it 
receives  it,  and  thus  defend  the  surrounding  objects  from  its 
attacks.  When  lightning  strikes  the  surface  of  the  ground, 
for  want  of  a  good  conductor  it  does  not  spread  over  it,  but 
penetrates  below  it  till  it  meets  with  a  sufficient  number  of 
channels  to  carry  it  completely  off.  It  sometimes  leaves  visi- 
ble traces  of  its  passage,  even  at  a  depth  of  more  than  30 
feet.  When  also  a  paratonnerre  has  any  breaks  in  it,  or  is 
not  in  perfect  communication  with  a  moist  soil,  the  lightninng 

*  I  adopt  the  French  term,  as  we  baire  none  in  our  language  to  express  in 
one  word,  a  conductor  oflighining,  meaning  thereby,  not  merely  the  metalKc 
rod,  but  the  whole  apparatus  complete.    At  least  we  may  as  well  use  it  as^t 
parasol,  parachute,  p'araboue,  &c.— Tr. 
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having  struck  it,  Bies  from  it  to  some  Deighboiuriog  body*  -or 
divides  itself  between  the  two^  in  order  to  pass  more  rapidlj 
into  the  «artb.  Frequent  instances  of  aerious  accidents  liave 
occurred  from  both  these  causes. 

Before  ibe  flash  ensues,  the  influence  of  the  thunder  cloud 
diAtur))3  the  natural  electrical  state  of  all  the  bodies  below 
it  i^t  the  surface  of  the  earth,  and  bripgs  them  into  a  state 
,  contrary  to  its  own ;  and  thus  every  object  becomes  a  centre 
of  attraction,  towards  which  the  lightning  has  a  tendency  to 
durect  itself.  In  order  that  this  effect  may  be  suddenly  pro- 
duced, it  is  indispensable  that  the  bodies  influenced  by  the 
cloud  be  good  conductors,  and  in  perfect  communication  with 
a  moist  soil. 

A  paratonnerre  perfectly  connected  with  the  ground,  and 
terminating  in  a  very  sharp  point  instead  of  being  rounded  off, 
may  become  so  intensely  electrified  by  the  influence  of  a 
thunder  cloud,  a^  to  give  off  a  continual  stream  of  electric 
matter,  which  sometimcb  is  visible  in  the  dark,  appearing  as  .a 
luminous  pencil  at  .the  extremity  of  the  point,  and  must  cer- 
tainly tend,  in  part  at  least,  to  oeutralisse  th^  elecirieal  state  of 
the  thunder  cloud.  A  rounded  point  may  exert  an  equal,  or 
even  a  greater,  attraction  on  ihe  thunder  cloud  than  a  sharp 
one ;  but  if  the  flow  of  electric  matter  from  the  point  become 
very  rajMd,  the  lightning  will  strike  sooner,  and  from  a  greater 
distance  between  the  cloud  and  the  paratooiierre,  than  if  its 
extremity  were  rounded ;  at  least  electrical  experiments  lead 
to  this  conclusion. 

Thus  the  most  advantageous  form  that  can  be  given  to  a 

?aratonnerre  appears  evidently  to  be  that  of  a  very  sharp  cone, 
^he  higher  a  paratonnerre  is  elevated  in  the  air,  other  circum- 
stances being  equal,  the  more  its  efficacy  will  be  increased,  as 
is  clearly  proved  by  the  expeKments  with  electrical  kites, 
made  by  MM.  de  Romas  and  Charles. 

It  has  not  been  accurately  ascertained  how  &r  tbe  sphere 
of  action  of  a  paratonnerre  extends,  but,  i.n  several  instances, 
the  more  remote  parts  of  large  buildings  on  which  they  bav(e 
been  erected,  have  been  struck  by  lightning  at  the  distance  of 
three  or  four  times  the  length  of  the  conductor  from<  the  rod* 
It  is  calculated  by  Charles,  that  a  paratonnerre  will  effectually 
protect  irom  lightning  a  circular  space,  whose  radius  is  twice 
that  of  the  height  of  the  conductor ;  and  they  are  now  at- 
tached to  buildings  after  that  rule. 

A  current  of  electric  matter  whether  luminous  or  not,  b 


always  accompaaied  by  heat,  the  iateasity  of  wlHch  ckpaadB 
oo  the  velocity  of  the  current.  This  heat  is  sufficient  to  make 
a  metallic  wire  red  hot,  or  to  fuse  or  disperse  it,  if  sufficient^ 
thio ;  but  it  scarcely  raises  the  temperature  of  a  bar  of  metal, 
on  account  -of  its  large  mass.  It  is  by  the  beat  of  the  electric 
current,  as  well  as  by  that  disengaged  from  tbe  air,  condensed 
by  the  passage  of  tbe  lightning  through  it,  when  not  conveyed 
by  a  gCMDd  conducter,  that  buildings  struck  by  it  are  frequently 
set  on  fire. 

No  instance  has  yet  occurred  of  an  iron  bar,  of  rather  mone 
than  half  an  inch  square,  or  of  a  cylinder  of  the  same  diameter, 
having  been  fused,  or  even  heated  red  hot  by  lightning*  A 
rod  of  this  size  would  therefore  be  sufficient  for  a  paratonnenre, 
.  but  as  iU  stem  must  rise  fretn  1 5  to  30  feet  above  tbe  build- 
ii^,  it  would  not  be  of  sufficient  strength  at  .the  base  to  resist 
the  action  of  the  wind,  unless  it  were  made  mucfa  thicker  at 
that  part. 

An  iron  bar  about  three-^rters  of  an  loch  square,  is  auffi- 
cient  for  the  conductor  of  the  paratonnerre.  It  might  even  be 
made  still  smaller,  and  consist  merely  of  a  jnetaUic  wk e,  firo- 
vided  it  be  connected  at  the  surface  of  the  ground  with  a  bar 
of  metal,  about  half  an  inch  square,  immersed  in  water,  or  a 
moist  soil.  The  wire  indeed  would  pretty  certainly  be  dis- 
persed by  the  lightning,  but  it  would  direct  it  to  the  ground, 
and  protect  the  surrounding  objects  from  the  stroke.  How- 
ever^ it  is  always  better  to  make  the  conductor  so  large  as  not 
to  be  destroyed  by  the  stroke ;  and  the  only  motive  for  sub- 
atituting  a  wire  for  a  stout  bar  is  the  saving  in  point  of  ex- 
pense. 

The  noise  of  the  thunder  generally  occasions  much  alarm, 
although  the  danger  is  tliea  passed  }  it  is  over  indeed  on  the 
appearance  of  the  lightning,  for  any  one  struck  by  it  neither 
sees  the  flash,  nor  hears  the  clap.  The  noise  is  .never  heaird 
till  after  tbe  flash,  and  its  distance  may  be  estimated  at  so 
many  times  368  yards  as  there  are  seconds  between  the  ap- 
pearance of  the  lightning  and  the  sound  of  the  thunder. 

Lightning  ollen  strikes  solitary  trees,  because,  rising  to  a 
great  height,  and  burying  their  roots  deep  in  the  soil,  they  are 
true  paratonnerres,  and  their  shelter  is  often  fatal  to  tbe  indi- 
viduals who  seek  it ;  for  they  do  not  convey  the  lightning  widi 
sufficient  rapidity  to  the  ground,  and  are  worse  conductors 
than  men  and  animals.  When  the  lightning  reaches  tbe  foot 
of  the  tree,  it  divides  itself  amongst  the  conductors  that  it  finds 
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near  it,  or  strikes  some  in  preference  to  others,  according  to 
circumstances,  and  sometimes  it  has  been  known  to  kill  eveiy 
animal  that  had  sought  shelter  under  the  tree  ;  at  others,  oaljr 
a  single  one  out  of  many  has  perished  by  the  stroke. 

A  paratonnerre,  on  the  contrary,  well  connected  with  the 
ground,  presents  a  certain  security  against  the  lightning,  which 
will  never  leave  it  to  strike  a  person  at  it»  foot,  though  it 
would  not  be  prudent  to  station  one's  self  close  to  it,  for  fear  of 
some  accidental  break  in  the  conductor,  or  of  its  not  being  in 
perfect  communication  with  the  ground. 

When  lightning  strikes  a  house,  it  usually  falls  on  the  chim- 
neys, either  from  their  being  the  most  elevated  parts,  or  be* 
cause  they  are  lined  with  soot,  which  is  a  better  conductor 
than  dry  wood,  stone,  or  brick.  The  neighbourhood  of  the  fire« 
place  is  consequently  the  most  insecure  spot  in  a  room  dunng 
a  thunder  storm,  where  it  is  safer  to  station  one's  self  in  a  corner 
opposite  the  windows,  at  a  distance  from  every  article  of  iron 
or  other  metal  of  any  considerable  size. 

Persons  are  often  struck  by  lightning  without  being  killed  ; 
and  others  have  been  wholly  saved  from  injury  by  silk  dresses, 
whii^h  serve  to  insulate  the  body,  and  prevent  the  access  of 
the  electric  matter. 


Pragticai.  Part. 
Details  respecting  the  Construction  of  Paratonnerres. 

A  paratonnerrre  is  a  metallic  bar,  rising  above  a  building, 
and  descending,  without  any  breaks,  to  the  ground,  its  lower 
end  plunging  into  a  well  of  water,  or  a  wet  soil.  The  vertical 
part  is  called  the  steni,  and  projects  into  the  air  above  the 
roof,  and  the  part  of  the  bar  which  descends  from  the  foot  of 
the  stem  to  the  soil,  is  called  the  conductor. 

Of  the  Stem. 

The  stem  is  a  square  bar  of  iron,  tapering  from  its  base  to 
the  summit,  in  form  of  a  pyramid.  For  a  height  of  from  20 
to  30  feet,  which  is  the  mean  length  of  the  stems  placed  on 
large  buildings,  the  base  is  about  2^  inches  square.* 

*  The  best  wav  of  making  a  prramidal  bar  is  to  weld  together  pieces  of 
iron  end  to  end,  about  two  feet  long  each,  and  succemively  decreasing 
diameten. 
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Iron  being  very  liable  to  rust  by  the  action  of  air  and  mois- 
ture, the  point  of  the  stena  would  soon  become  blunt,  to  pre- 
vent which,  a  portion  is  cut  off  from  the  upper  end,  about  20 
inches  in  length,  and  replaced  by  a  conical  stem  of  brass  or 
copper,  gilt  at  its  extreniity,  or  terminated  by  a  small  platina 
needle,  two  inches  long.*  The  platina  needle  is  soldered 
with  silver  solder  to  the  copper  stem;  and  to  prevent  its 
separating  from  it,  which  might  sometimes  happen,  notwith- 
standing tiie  solder,  it  is  secured  by  a  small  collar  of  copper. 
The  copper  stem  is  united  to  the  iron  one  by  means  of  a 
gudgeon,  which  screws  into  each.  If  the  gilding  of  the  point 
cannot  easily  be  performed  on  the  spot,  nor  the  platitia  readily 
obtained,  they  may  both  be  dispensed  with  without  any  incon- 
-venience,  and  the  plain  conical  copper  stem  only  be  employed. 
Copper  does  not  rust  to  any  considerable  depth  in  the  air, 
and  even  if  the  point  becomes  somewhat  blunt,  the  paraton- 
nerre  will  not  thereby  lose  its  efficacy. 

A  stem  of  the  supposed  dimensions  being  difficult  to  trans- 
^port  to  a  distance,  it  is  cut  into  two  parts,  at  about  one  third, 
or  two  fifths  of  its  length  from  the  base.  The  upper  part  fits 
exactly  by  a  pyramidal  tenon,  seven  or  eight  inches  long,  into 
the  lower  part,  and  is  kept  in  its  place  by  a  pin.  The  stem, 
should,  however,  always  be  made  of  a  single  piece  whenever 
that  can  be  done. 

Below  the  stem  three  inches  from  the  roof,  is  a  cap,  solder- 
ed to  the  body  of  the  stem,  and  intended  to  throw  off  the  rain 
water,  which  would  flow  down  the  stem, 'and  prevent  its  ruqning 
into  the  building,  and  rotting  the'  rafters. 

Immediately  above  tBe  cap,  the'  stem  is  rounded  for  about 
two  inches  to  receive  a  split  collar,  with  a  hinge  and  two  ears, 
between  which  the  extremity  of  the  conductor  of  the  paraton- 
nerre  b  fixed  by  a  bolt.  Instead  of  the  collar,  we  may  make 
a  square  stirrup,  which  embraces  the  stem  closely.  The  stem 
of  the  paratonnerre  is  fixed  on  the  roof  of  buildings,  according 
to  circumstances.  If  it  is  to  be  placed  above  a  rafter,  the 
ridge  must  be  pierced  with  a  hole  through  which  the  foot  of 
the  stem  passes,  and  is  steadily  fixed  against  the  king-post  by 
means  of  several  bridles*  This  disposition  is  very  solid,  and 
should  be  preferred  if  local  circumstances  permit. 

If  the  stem  be  fixed  on  the  ridge,  a  square  hole  must  be 
made  through  it  of  the  same  dimensions  as  the  foot  of  the 

*  Instead  of  the  platina  needle,  one  of  standard  silver  may  be  substituted, 
composed  of  nine  parts  of  silver,  and  one  of  copper. 
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stem ;  and  above  and  below  we  fix,  by  means  of  ho\%  or  two 
bolted  stirrups,  which  embrace  and  draw  the  ridge  togetber, 
1^0  iron  plates  about  three-quarters  of  an  inch  thick,  eacb 
baving  a  hole  corresponding  to  that  in  the  woodwork.  The 
aieiii  rests  by  a  small  collet  on  the  upper  plate,  against  whicb 
it  is  strongly  pressed  by  a  nut,  which  screws  on  the  end  of 
tbe  stem  against  the  lower  plate. 

Lastly,  if  the  paratonnerre  be  to  be  fixed  on  a  vaulted  roof, 
it  should  be  terminated  by  three  or  four  feet,  or  spurs,  which 
must  be  soldered  into  the  stone,  with  lead,  in  the  usual 
Aia^ner. 

Of  the  Conductor  of  the  Paratonnerre. 

Tbe  conductor,  as  has  been  stated,  is  an  iron  bar  about 
three-quarters  of  an  inch  square,  reaching  from  the  foot  of  xh€ 
stem  to  the  ground.  It  is  firmly  united  to  the  stem  by  being 
tightly  jammed  between  the  two  ears  of  the  collar,  by  nreaos 
of  a  bolt ;  or  it  may  be  terminated  by  a  fork,  which  embraces 
tbe  tail  of  the  stirrup,  and  the  two  pieces  bolted  together. 

As  the  conductor  cannot  be  formed  of  a  single  piece,  several 
bars  are  united  end  to  end.  The  conductor  is  supported 
parallel  to  the  roof,  at  about  six  inches  distance  from  it,  by 
forked  stanchions,  which,  in  order  to  prevent  then*  letting  tbe 
rain  into  the  building,  are  fashioned  as  follows  r 

Instead  of  terminating  in  a  point,  they  have  a  foot  formed 
of  a  thin  plate  about  10  inches  long,  and  l-|  inch  broad,  at 
tbe  extremity  of  whicb  rises  the  stanchion,  making  either  a 
right  angle  with  the  foot^  or  an  angle  equal  to  that  which  the 
roof  forms  with  the  zenith.  The  foot  slips  in  between  the 
slates,  but  for  greater  firmness  a  plate  of  lead  is  substituted 
for  the  lower  slate,  and  the  foot  of  the  stanchion  and  the  lead 
are  nailed  down  to  one  of  the  rafters.  The  conductor  is  kept 
in  the  forks  by  pins  rivetted  through  them,  and  the  stanchions 
are  placed  at  about  12  feet  distance  from  each  other. 

The  conductor,  after  turning  over  tbe  cornice  of  the  building 
without  touching  it,  is  brought  into  the  walls,  down  which  it 
passes  to  the  ground,  and  is  fixed  by  means  of  cramps  let  into 
the  stone.  When  it  has  reached  to  the  ground,  about  two 
feet  below  the  surface,  it  is  bent  at  right  angles  to  tbe  walls, 
and  carried  in  that  direction  about  12  or  15  feet,  when  it  turns 
down  into  a  well,  or  a  hole,  about  12  or  15  feet  deep  in  the 
ground,  if  no  water  is  met  with,  but  a  less  depth  is  sufficient  if 
there  be  water. 
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'  The  iron  buiied  in  the  ground  in  immediate  contact  with 
moist  earth,  becomes  covered  with  rust,  which,  by  degrees, 
penetrates  to  its.  centre,  and  destroys  it.  This  is  prevented 
by  placing  the  conductor  in  a  trough  filled  with  charcoal. 
The  trough  is  constructed  in  the  following  manner : — 

Having  made  a  trench  in  the  soil  about  two  feet  deep,  a 
row  of  bricks  is  laid  on  their  broad  faces,  and  on  them  others 
on  edge  ;  a  stratum  of  baker's  coals  is  then  strewed  over  the 
bottom  bricks,  about  two  inches  thick,  on  which  the  conductor 
is  laid,  and  the  trough  then  filled  up  with  more  coals,  and 
closed  by  a  row  of  bricks  laid  along  the  top.  Tiles,  stone,  or 
wood,  will  serve  for  making  the  troughs  as  well  as  bricks. 
Iron  thus  buried  in  charcoal  will  undergo  no  change  in  the 
course  of  thirty  years.  But  charcoal  not  merely  prevents  the 
iron  from  rusting,  for  being  a  yery  good  conductor  of  elec- 
tricity, after  having  been  heated  to  redness  (and  that  is  the 
reason  why  we  tecommend  the  use  of  baker's  coalb),  it  facili- 
tates the  passage  of  the  li^btuing  in  the  ground. 

After  leaving  the  trough,  the  conductor  passes  throagh  the 
side  of  the  well,  and  descen  is  into  the  water  to  the  depth  of 
at  least  two  feet  below  the  lowest  water  line.  The  extremity 
of  the  conductor  usually  terminates  in  two  or  three  branches, 
to  give  a  readier  passag>f  to  the  lightning  into  the  water.  If 
the  well  be  situated  in  the  interior  of  the  building,  the  wall  of 
the  latter  must  be  pierced  below  the  surface  of  the  ground, 
and  the  conductor  passed  through  it  into  the  well. 

If  there  be  no  well  at  hand,  a  hdle  must  be  made  in  the 
ground  with  a  six  inch  auger  to  the  depth  of  10  or  15  feet, 
and  the  conductor  passed  to  the  bottom  of  it,  placing  it  care- 
fully in  the  centre  of  the  hole,  which  is  then  to  be  filled  up 
with  baker's  coals,  rammed  down  as  hard  as  possible  all  round 
the  conductor.  But  if  expense  be  no  object,  it  is  better  to 
sink  a  much  wider  hole,  at  least  16  feet  deep  (unless  water  be 
met  with  at  a  less  depth),  and  make  the  extremity  of  the  con- 
ductor terminate  in  several  branches,  which  must  he  surround- 
ed by  charcoal  as  before,  if  not  immersed  in  water,  and  the 
conductor  itself  be  similarly  surrounded  by  it  by  means  of  a 
wooden  case  fillpd  with  the  coals. 

In  a  dry  soil,  or  on  a  rock,  the  trench  to  receive  the  con- 
ductor should  be  at  least  twice  as  long  as  that  for  a  common 
soil,  and  even  longer,  if  thereby  it  be  possible  to  reach  moist 
ground.  Should  the  situation  not  admit  of  the  trench  being 
much  increased  in  length*,  others,  in  a  transverse  direction. 
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must  ht  mtidd,  in  whieh  traati  bars  of  iron  surroiiDded  hf  tMs 
are  placedy  and  conoeeted  with  the  conductor,  in  aH  caaea 
the  estreniity  of  the  conductor  rixiukl  terminate  ia  several 
branches,  and  pass  into  a  wide  bole  weQ  filled  with  the  cfaar- 
coal  that  hii^  been  ignited. 

In  general,  the  trench  should  be  made  in  tbd  dimpeftt^  and, 
tonsequently,  lowest  spot  near  the  building,  and  the  water- 
gutters  mad^  to  discharge  their  water  over  it,  ao  as  to  keep  ft 
always  nsoist.  Too  great  precautions  cannot  be  taken  to  give 
the  lightning  a  ready  passage  into  the  ground,  fdr  it  is  chiefly 
on  this  that  the  efficacy  of  a  paratonnerre  depends. 

As  iron  bars  are  difficult  to  bend  according  to  the  projee- 
ttoDs  of  a  building,  it  has  been  proposed  to  substitute  metallic 
ropes  in  their  stead*  Fifteen  iron  wires  are  twisted  together 
to  form  one  strand,  and  four  of  these  form  a  rope,  about  an 
inch  in  diameter.  To  prevent  its  rusting,  each  strand  is  WeB 
tarred  separately,  and  after  they  are  twisted  together,  the 
whole  rope  is  tarred  over  again  with  great  care.  It  is  attached 
to  the  stem  of  the  paratonnerre  in  the  same  manner  as  the 
bar-iron  conductor,  by  means  of  a  collar,  the  ears  of  which,  in 
this  case,  are  made  rather  concave,  in  order  better  to  embrace 
the  ropOk  Instead  of  a  fork,  the  stanchions  which  support  it 
over  the  roof,  are  terminated  by  a  ring,  through  which  the 
rope  passes.  At  about  six  feet  deep  in  the  ground,  it  is  united 
to  an  iron  bar,  about  three-fourths  of  an  inch  square,  in  which 
the  conductor  terminates,  for  the  rope  would  soon  be  destroyed 
in  the  ground.  Bars  of  iron,  however,  are  preferable  to  the 
rope,  but  if,  from  peculiarity  of  situation,  it  be  absolutely  ne- 
cessary to  adopt  them,  copper  or  brass  wire  is  a  better  mate- 
rial for  their  construction,  than  iron. 

If  a  building  contain  any  large  masses  of  metal,  as  sheets  of 
copper  or  lead  on  the  roof,  metal  pipes  and  gutters,  iron 
braces^  bct^  they  must  all  be  connected  with  the  paratonnerre, 
by  iron  bars  of  about  half  an  rach  square^  or  something  less. 
Withoot  this  precaution,,  the  lightning  might  strike  from  the 
conductor  to  the  metal  ^especially  if  there  should  be  any 
accidental  break  in  the  former),  and  occasion  very  serious 
injury  to  the  building,  and  danger  to  its  inhabitants. 

Paratonnerrei  for  Churches* 

For  a  tower  the  stem,  of  the  paratonnerre  should  rise  firom 
about  15  to  24 feet,  according  to  its  area;  the  domes  and 
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steeples  of  cburches,  being  usually  much  higher  than  the  sur- 
rounding objects,  do  not  require  so  high  a  conductor  as  build- 
ings with  extensive  flat  roofs.  For  the  former,  therefore,  thin 
stems,  rising  from  three  to  six  feet  above  the  cross  or  weather- 
cock, will  be  sufficient ;  and,  being  light,  they  may  easily  be 
fixed  to  them,  without  injuring  their  appearance,  or  interfering 
with  the  motion  of  the  vane* 

When  difficult  to  fix,  the  stem  of  a  paratonnerre  for  such 
buildings  may  even  be  omitted  altogether,  and  merely  the  foot 
of  the  cross  or  weathercock  be  well  connected  with  the  ground. 
This  arrangement  requires  little  expense,  and  is  well  adapted 
fof  country  churches. 

Puratonnerre$  for  Powder  Magazine$» 

These,  of  course,  require  to  be  constructed  with  the  great- 
est care ;  but,  in  principle,  are  perfectly  similar  to  the  one  we 
have  described  at  length.  They  should  not  be  placed  on  the 
buildings^  but  on  poles,  at  front  six  to  ten  feet  distance.  I'he 
stem  should  be  about  seven  feet  long,  and  the  poles  of  such  a 
height,  that  the  stem  may  rise  from  15  to  20  feet  above  the 
top  of  the  building.  It  is  also  advisable  to  have  several  para- 
tonnerres  round  each  magazine.  If  the  magazine  be  in  a 
tower,  or  other  very  lofty-^building,  it  may  be  sufficient  to  de- 
fend it  by  a  double  copper  conductor,  without  any  paratonnerre 
stem.  As  the  influence  of  this  conductor  will  not  extend 
beyond  the  building,  it  cannot  attract  the  lightning  from  a 
di^ance,  and  yet  will  protect  the  magazine,  should  it  be 
struck. 

Paratonnerres  for  Ships, 

The  stem  of  the  paratonnerre  fpr  a  ship,  consists  merely  of 
the  copper  point,  already  described.  It  is  screwed  on  a  round 
iron  rod,  which  enters  the  extremity  of  the  pole  of  the  top 
gallant  mast,  and  cairies  ^^  vane.  An  iron  bar,  connected 
with  the  foot  of  the  round  rod,  descends  down  the  pole, 
and  is  terminated  by  a  crook,  or  ring,  to  which  the  conductor 
of  the  paratonnerre  is  attached,  which,  in  this  case,  is  formed 
of  a  metallic  rope,  and  is  supported  at  intervak  by  rigging ; 
and  after  having  passed  through  a  ring,  fixed  to  the  chains,  is 
united  to  a  bar  or  plate  of  metal,  which  is  connected  to  the 
copper  sheathing  on  tlie  bottom  of  the  vessel.     Small  vessels 
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require  only  one  paratonnerre ;  large  ships  should  have  on* 
OQ  the  oiatnmast,  and  another  on  the  mizenniast* 

Oeneral  Disposition  of  Paratonnerres  on  a  Building. 

It  is  allowed,  from  experiments,  that  the  stem  of  a  paraton- 
nerre effectually  defends  a  circle  of  which  it  is  the  centre,  and 
whose  radius  is  twice  its  own  height,  from  lightning.  Accord- 
ing to  this  rule,  a  building  sixty  feet  long,  or  square,  requires 
only  a  single  stem  of  15  or  18  feet,  raised  in  the  centre  of 
the  roof.  A  building  of  120  feet  by  the  same  rule,  would 
require  a  stem  of  30  feet,  and  such  are  sometimes  used  ;  but 
it  is  better,  instead  of  one  stem  of  that  length,  to  erect  two  of 
15  or  18  feet,  one  placed  at  thirty  feet  from  one  end  of  the 
building  the  other  at  the  same  distance  from  the  other  end, 
and  consequently  sixty  feet  apart  from  each  other.  The  same 
rule  should  be  followed  for  three,  or  any  greater  number  of 
paratonnerres. 

For  churches  with  steeples,  although  the  paratonnerre  on 
the  latter  must,  from  its  great  height,  extend  its  influence  to  a 
considerable  distance,  yet  as  nothing  decisive  is  at  present 
known  from  experiment,  as  to  the  greatest  distance  to  which 
it  may  extend,  it  will  be  prudent  to  consider  it  as  only  pro- 
tecting a  space,  whose  radius  is  equal  to  the  height  of  its  stem 
above  the  ridge  of  the  roof,  and  to  erect  other  paratonnerres, 
on  the  roof  itself,  according  to  the  rule  already  given. 

General  Disposition  of  the  Conductors  of  Paratonnerres. 

Although  the  necessity  of  establishing  a  very  intimate  com- 
municattoii  between  the  paratonnerre  and  the  soil  has  already 
been  repeatedly  insisted  on,  its  importance  is  such,  that  it 
may  be  well  to  revert  once  more  to  the  subject.  If  this  con- 
dition be  not  rigorously  observed,  the  instrument  will  not  only 
become  much  less  efficacious,  but  even  dangerous,  by  attract- 
ing the  lightning,  without  being  able  to  convey  it  to  the  ground. 
What  other  conditions  remain  to  be  stated  are  less  important, 
but  nevertheless  deserve  attention. 

.  The  lightning  should  always  be  conducted  by  the  short- 
•est  possible  road  from  the  stem  of  the  paratonnerre  to  the 
ground. 

Agreeably  to  this  principle,  when  two  paratonnerres  are 
placed  on  a  building,  and  teruiinate  in  one  common  conductor 
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(which  is  quite  sufBcient),  the  point  from  which  its  branches 
diverge  to  the  two  stems,  should  lie  evenly  and  at  equal  dis- 
tances on  the  roof  betWeeu  them  ;  the  common  conductor 
and  its  branches  may  be  formed  of  an  iron  bar,  of  the  same 
dimensions  as  for  a  single  paratonnerre. 

If  there  be  three  paratonnerres  on  a  building,  it  will  be 
prudent  to  give  them  two  conductors.  In  general  each  pair 
of  paratonnerres  requires  one  conductor. 

Whatever  number  of  paratonnerres  be  placed  on  a  building, 
they  should  all  be  connected  together  by  establishing  an  inti- 
mate communication  between  the  feet  of  all  their  stents,  by 
means  of  iron  bars  of  the  same  dimensions  as  those  of  the 
conductors. 

When  the  situation  will  admit  of  it,  the  conductor  should 
be  placed  on  the  wall  of  the  building  most  exposed  to  the  rain, 
which,  by  wetting  it,  renders  it,  though  imperfectly,  a  con- 
ductor, and  if  the  conductor  of  the  paratonnerre  be  not  in 
intimate  communication  with  the  ground,  it  is  possible  that 
the  lightning  may  abandon  it  for  the  wet  surface  of  the  wall. 
A  further  motive  for  selecting  this  side  of  the  building  is,  that 
the  direction  of  the  lightning  may  be  fletermined  by  that  of 
the  rain ;  and,  moreover,  tlie  wet  surface,  being  a  conductor, 
may  attract  the  lightning  by  preference  to  the  paratonnerre. 

Observations  on  the  Efficacy  of  Paratonnerres. 

The  experience  of  fifty  years  demonstrates  that,  when  con- 
structed with  the  requisite  care,  paratonnerres  effectually 
secure  the  buildings  on  which  they  are  placed,  from  being 
injured  by  lightning.  In  the  United  States,  where  thunder 
storms  are  much  more  frequent  and  formidable  than  in  Europe, 
their  use  is  become  general ;  a  great  number  of  buildings  have 
been  struck,  and  scarcely  two  are  quoted  as  not  having  been 
saved  from  the  danger.  The  apprehension  of  the  more  fre- 
quent fall  of  lightning  on  buildings  armed  with  paratonnerres, 
is  unfounded,  for  their  influence  extends  to  too  small  a  dis- 
tance to  justify  the  idea  that  they  determine  the  lightning  of 
an  electric  cloud  to  discharge  itself  on  the  spot  where  they  are 
erected.  On  the  contrary,  it  appears  certain,  from  observa- 
tion, that  buildings  furnished  with  paratonneires  are  not  more 
frequently  struck  than  formerly.  Besides,  the  property  of  a 
paratonnerre  to  attract  the  lightning  more  frequently,  must 
also  imply  that  of  transmitting  it  freely  to  the  ground,  and 
henee  no  mischief  can  arise  as  to  the  safety  of  the  buildings. 
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We  have,  recommended  the  use  of  sharp  points  for  the 
fHaratonaerres,  as  having  an  advantage  over  bars  rpunded  at 
the  extremitj,  by  continually  poyring  off  into  the  air,  whilst 
under  the  influence  of  a  thunder  cloud,  a  curreqt  of  electric 
matter  in  a  contrary  state  to  that  of  the  cloud,  which  must 
probably  have  some  effect  towards  neutralizing  the  state  of 
the  latter.  This  advantage  must  by  no  means  be  neglected  ; 
for  it  is  sufficient  to  know  the  power  of  points,  and  the  ex- 
periments of  Charles  and  Romas  with  a  kite  6own  under  a 
thunder  cloud,  to  he,  convinced  that  if  sharp  pointed  paraton- 
nerres  were  placed  in  considerable  numbers  on  lofty  places, 
ihey  would  actually  diminish  the  electric  matter  of  the  clouds, 
and  the  frequency  of  the  fall  of  lightning  on  the  surface  of 
the  earth*  However,  if  the  point  of  a  paratonnerre  should 
be  blunted  by  lightning,  or  any  other  cause,  we  are  not  to 
suppose,  because  it  has  lost  the  property  we  have  mentioned, 
that  it  has  also  become  ineffectual  to  protect  the  building  it  is 
intended  to  defend.  Dr  Rittenhouse  relates,  that  having  often 
examined  the  points  of  the  paratonnerres  in  Philadelphia, 
where  they  are  very  frequent,  with  an  excellent  telescope,  he 
has  observed  many  whose  points  have  been  fused ;  but  that 
be  never  found  that  the  houses  on  which  they  were  erected 
had  been  struck  by  lightning  since  the  fusion  of  the  points. 


AiiT,  XLVIII. — On  the  Aurora  Boredis  and  Polar  Fogs. 
By  Professor  Hansteen.*     [Edin.  PAi/or.  Joum.'] 

I.  It  is  well  known  that,  with  us,  the  Aurora  Borealis  pre- 
sents itself  to  our  view  in  the  following  manner.  In  the  NN W. 
appears  a  luminous  arch,  the  convex  side  of  which  is  turned 
to  the  zenith,  and  the  extremities  of  which  bend  towards  the 
horizon.  That  part  of  the  circle  of  the  horizon  which  lies 
between  its  extremities  forms  a  chord  of  the  arch.  The  seg- 
ment of  the  circle  between  the  arch  and  the  horizon  is,  for 
the  most  part,  darker  than  the  rest  of  the  sky;  sometimes 
black,  sometimes  dark-grey.  The  farther  you  advance  towards 
the  north,  this  coloured  segment  becomes  less  dark,  and  in  the 

*  From  the  Norwegiaio  Memoir  inserted  in  the  Christianin  Joaro.  of 
Nat.  Hist. 
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bigbest  lfttitude$  it  biscome&  ftltbg^jtber  utidii^tlnj^bishkble.   llid 
highest  p6iot  of  the  areh,  at  least  in  latitude  not  very  high,  h 
almost  alwafs  found  itt  the  magnetic;  u^eridiaD,  thai  vesical 
jplane  which  passes  through  the  magnetic  pole.     In  the  Noith 
American  States,  where  the  welsterly  val'iation  of  the  needle 
is  only  two  degrees,  the  same  lukninous  arch  is  se^o,  but  'M 
highest  point  lies  due  northv    According  to  Scoresby's  obseiih- 
ationft,'*  on  the  east  coast  of  Greenland,  in  Lat.'65^  N.,  th^ 
ar<^h  of  the  aurora  borealis  lies  from  north  to  south,  in  such 
a  manner,  that  its  highest  point  is  either  to  the  east  or  west, 
as  the  arch  lies  on  the  one  side  or  the  other  of  the  zenith. 
This  agrees  with  the  remarks  of  the  missionary  Andrew  Giugd 
on  the  aurora  borealis,  in    the  Colony  of  Good  Hope,  in 
Greenland  (Lat.  64""  l(y  6''} ;  with  this  difference  only,  that 
the  arch  commonly  appears  low  in  the  east  or  south-east,  and 
more  seMoiti  approaches  near  to  the  zenith.     He  describes 
in  the  following  manner  such  an  arch,  as  seen  on  the  I2th  of 
December,  IT86,     ^^  At  half-past  4  p.  h.  the  first  faint  flashes 
of  the  aurora  borealis  arose  from  the  east,  which  a  quarter  of 
an  hour  after  reached  th«  zenith,  and  from  that  shot  out  on  all 
sides.     Soon  after,  these  were  converted  into  an  arch,  which 
went  dirough  the  zenith,  and  almost  touched  the  horizon  in 
the  north  and  sooth.     This  arch  was  white,  and  so  brilliant, 
that  it  lighted  up  Baals  River,  Which  is  a  mile  broad.     At  7 
F.  M.  the  declination  had  decreased,  from  mid-day,  from  W 
57^  to  50°  37',  that  iS)  20^.     At  half-past  8  the  arch  disap- 
peared, and  in  the  south  Was  seen  a  comb  with  its  teeth  up- 
wards.   At  that  time  the  declination  was  50°  30^,"  &». 

From  the  foregoing  observations,  it  is  easy  to  see  that  this 
arch  must  be  a  part  of  a  whole  luminous  ring,  hovering  ovt^r 
the  surface  of  the  earth  at  a  considerable  height,  of  which 
every  observer  sees  his  own  portion.  We  may  give  ah  e^plti- 
nation  of  this  by  means  of  the  hour-circle  on  a  globe.  Sup- 
pose a  little  insert  creeping  round  the  globe  in  the  60th  parallel, 
it  will  only  see  a  small  part  of  the  ring,  as  the  largest  portion 
of  it  will  be  concealed  by  the  globe  which  forms  the  insect's 
horizon.  The  highest  part  of  the  arch  which  in  this  case  it 
can  see,  will  be  due  north.  If  it  approach  nearer  to  the  ring^ 
it  will  see  a  larger  portion  of  it ;  and  when  it  is  close  under 
its  edge,  this  will  appeat  to  be  in  the  zenith.     If  it  come  nearer 

"  Scoresby^s  Journal  of  a  voyage  to  Greei^and. 
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the  Pole,  and  within  the  ring,  the  nearest  and  highest  part  oC 
the  ring  will  be  seen  to  the  south,  just  as  the  ring  of  the  aurora 
borealis  was  seen  at  Good  Hope.  Now,  were  the  pole  of  the 
earth,  or  rather  a  point  of  its  lengthened  axis,  the  centre  of 
the  ring  of  the  aurora  borealis,  the  highest  point  of  the'  arch 
would  be  seen  every  where  in  the  true  meridian,  or  due  north. 
But,  as  this  is  not  the  case,  since,  with  us,  the  highest  point  of 
the  arch  is  seen  about  20 '  west  of  due  north,  in  North  America 
it  is  seen  due  north,  and  at  Good  Hope,  in  Greenland,,  to  the 
east,  i(  follows  that  the  centre  of  the-  ring  must  lie  about  from 
30  to  30  from  the  Pole  of  the  earth,  in  a  meridian  passing 
through  the  States  of  North  America  :— and  since  the  arch  is 
sometimes  seen  in  the  zenith  near  Iceland,  and  often  stretches 
so  far  to  the  south  as  to  pass  the  zenith,  both  here,  in  Christi- 
ania  and  in  Copenhagen,  and  even  in  more  southerly  regions, 
it  follows  that  the  radius  of  the  ring  of  the  aurora  borealis 
may  extend  from  20''  to  40^  and  above. 

It  is  easy  now  to  perceive  in  what  manner  the  arch  of  the 
aurora  borealis  will  appear  in  different  meridians.  If  it  be 
viewed  from  a  point  lying  in  the  same  meridian  with  its  centre, 
its  highest  point  will  appear  due  north }  and  if  this  rise  so 
high  as  to  pass  through  the  zenith,  its  extremities  will  termi- 
nate in  the  east  and  west.  If,  again,  it  be  viewed  from  a 
point  lying  eastward  of  the  meridian  of  the  ring,  as  with  us  in 
Europe,  then  the  highest  point  of  the  arch  will  move  to  the 
west  of  the  meridian,  and  the  farther,  the  more  you  advance 
to  the  north,  till  you  come  to  the  same  latitude  with  the  centre 
of  the  ring,  between  60'  and  70^  Here  the  highest  point  of 
the  arch  will  lie  due  west ;  and  if  the  ring  extend  so  far  as  to 
pass  through  the  observer's  zenith,  it  will  go  from  north  to  south, 
that, is,  it  will  be  parallel  with  the  meridian.  Such  was  the 
case  with  regard  to  the  arch  seen  by  Captain  Scoresby  on  the 
15th  of  April,  in  Lat.  64  4V,  If  the  place  of  the  observer 
be  within  the  circumference  of  the  ring  of  the  aurora  borealis, 
as  is  the  case  with  the  colonies  in  the  western  districts  of 
Greenland,  the  arch  will  he  seen  to  the  south,  provided  the 
observer  be  south  from  its  centre,  and  to  the  east,  if  h&  be 
east  from  it.  These  rules  may  be  shortly  expressed  in  the 
following  formula.  If  the  observer  be  on  the  outside  of  the 
ring  of  the  aurora  borealis,  he  will  see  the  highest  point  of 
the  arch  in  the  same  direction  with  the  centre  of  the  ring  : 
if  he  be  within  the  ring,  the  highest  point  of  the  arch  will 
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be  seen  in  the  direction  opposite  to  that  of  the  centre  of  the 
ring.* 

That  the  centre  of  the  ring  of  the  aarora  borealis  does  not 
cbincide  with  the  north  pole  of  the  earth,  is  a  very  remarkable 
fact.  This  centre  coincides  as  near  as  possible  with  the  mag- 
netic pole  in  North  America,  the  place  of  which  we  have 
determined  in  the  first  volume  of  this  Journal.f  From  this, 
we  are  led  to  suppose  that  there  must  be  some  connexion 
between  the  aurora  borealis  and  the  magnetism  of  the  earth. 
This  conjecture  is  strengthened  by  the  observations  of  Captain 
Cook  with  respect  to  tlie  aurora  australis.  When  that  cele- 
brated navigator,  on  his  second  voyage,  was  sailing  round  the 
South  Pole,  he  often  saw,  io  the  southern  parts  of  the  Indian 
sea,  arches  of  the  aurora  australis,  the  highest  point  of  which 
always  lay  to  the  southeast,  so  long  as  the  ship  sailed  between 
the  meridian  of  the  Indian  Peninsula  and  the  parallel  of  60^ 
In  .that  region  the  variation  of  the  compass  is  between  30^ 
,  and  40°  W.  The  highest  point  of  the  arch  of  the  aurora 
australis  coincides  here  too  with  the  direction  of  the  needle* 
But  as  soon  as  he  approached  the  meridian  of  Van  Dieman's 
Land,  where  the  variation  of  the  compass  disappears,  the 
highest  point  of  the  arch  of  the  aurora  australis  was  found, 
too,  in  the  true  meridian.  From  this  it  appears  that  the  centre 
of  the  ring  of  the  aurora  australis  likewise  lies  at  a  considera- 
ble distance,  from  30°  to  40°,  from  the  south  pole  of  the 
earth,  and  in  a  meridian  which  passes  through  New  Holland* 
And  here,  too,  we  have  «hewn  in  the  first  volume  of  this 
Journal,!  is  the  south  magnetic  pole  to  be  found. 

If  there  be  now  an  actual  connexion  between  the  polar 
lights  and  the  magnetism  of  the  earth,  we  should  expect  to 
find  similar  luminous  rings,  or  at  least  powerful  exhibitions  of 
the  polar  light  in  the  northern  parts  of  Siberia,  and  in  the 
neighbourhood  of  Terra  del  Fuego,  that  b,  at  the  two  extre- 

*  Accounts  with  regard  to  the  appearenees  of  the  anrora  borealis  in.  Easter 
Finmark,  as  weU  as  oosenrations  important  to  tlie  phyiipal  science  of  the 
^lobe  in  general,  are  expected  from  Dean  Deinboll,*  ^^^^  with  the  more 
esgemesB,  that  these  tracts  are  seldom  Tisited  by  men  of  science,  who,  b»- 
sides,  when  they  do  visit  them,  hurry  back,  after  a  short  survey,  from  regioQS^ 
the  winter  of  which  the  inhabilant  of  the  south  views  wHh  honor. 

f  ChristiAnia  Mag.  of  Nat.  HUt.  p.  19. 
.    t  Christiaoia  Mag.  of  Nat  Hist*  p.  82. 

*  Parish  clergyman  at  Vadsoe,  near  Wacdhuus  (the  most  notlheify  parish  fa 
Europe),  and  lately  a  much  respected  and  patriotic  member  of  the  Monmiaa 
Storthing.— Tr. 
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onities  of  the  weaker  roagDetic  axis  of  the  earth*  And  we  find 
that  this  is  id  reality  the  case.  Gmelia  gives  a  splendid,  al- 
most a  terrific,  descriptioD  of  the  brilliancy  of  the  aurora 
borealiS)  as  it  is  seen  in  the  north  of  Siberia,  along  the  coasts 
of  the  Frozen  Sea,  between  the  rivers  Jemsei  and  Lena,  ad* 
ding,  that  "  here  seems  to  be  the  true  native  country  of  the 
aurora  borealis."  The  same  thing  says  Horrebow,  concerning 
Iceland ;  and  the  author  of  the  Mirror  for  Kings,  together 
with  all  later  observers  down  to  Ginge,  concerning  Greenland. 
We  find  thus,  that,  in  the  northern  hemisphere,  the  polar  lights 
have  two  different  centres,  one  in  the  north-west,  lying  in  the 
neighbourhood  of  Hudson's  Straits ;  another  in  the  northeast, 
lying  in  the  Frozen  Sea,  north  from  Siberia.  When  Captain 
Cook  sailed  round  the  South  Pole,  he  saw  no  where  the  aurora 
australis,  except  in  the  tract  we  have  just  mentioned,  in  the 
Southern  Indian  Ocean ;  but  the  Spanish  navigator,  Don  An- 
tonio de  Ulloa,  mentions,  in  a  letter  to  Mairan,  that,  when  he 
sailed  past  Cape  Horn,  in  Terra  del  Fuego,  as  often  as  the 
thick  fog  which  prevailed  there  allowed  him  to  see  but  a  little 
beyond  the  ship's  head,  he  always  observed  a  perceptible  i^ 
lumination  towards  the  south  or  southwest,  which  had  alto* 
gether  the  appearance  of  the  polar  lights  so  well  known  to 
him  in  the  northern  hemisphere.  The  Abb^  Molina,  too,  in 
his  description  of  the  Chiloe  Isles,  which  lie  a  little  to  the 
north  of  the  southwest  coast  of  America,  asserts,  that  the 
aurora  austraUs  was  frequently  seen  there.  It  appears,  tkere^ 
fort^  that  the  polar  lighte  spring  from  four  points  on  the 
sufface  of  the  earth,  which,  so  far  as  we  have  hitherto  ftee» 
Me  to  determine,  coincide  unth  the  magnetic  poles  of  the 
earth.  The  larger  luminous  ring  is  formed  round  the  two 
opposite  poles  of  the  stronger  magnetic  axis  in  North  America 
and  New  HoUand.  Whether  a  similar  ring,  as  full  and  as 
regular,  be  formed  round  the  poles  of  the  weaker  axis  in 
Siberia  and  Terra  del  Fuego,  is  a  matter  which,  from  the 
few  observations  we  are  able  to  collect,  cannot  yet  be  so  well 
ascertained* 

The  arch  of  the  polar  light  is  seldom  seen  without  lumiooas 
beanis  shooting  out  from  it.  From  the  side  of  the  arch  turned 
away  from  the  Pole,  beams  or  rather  columns  of  light  dart 
forth  in  a  direction  nearly  perpendicular  to  the  arch,  and 
ascend  towards  the  zenith.  If  these  beams  are  so  long  as  to 
pass  a.  considerable  way  beyond  the  zenith,  towards  the  south, 
they  form,  in  the  neighbourhood  of  the  zenith,  a  kind  of  corona 
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or  glory,  which  seems  to  be  the  point  of  their  union.  Thid 
corona  lies  from  15^  to  20"*  south  of  the  zenith,  in  such  a 
situation,  that  if  we  suppose  a  vertical  plane  passing  tnrough 
^  the  highest  point  of  the  arch,  which  with  us  lies  about  20* 
*  west  from  the  meridian,  and  produced  so  as  to  pass  through 
the  zenith,  it  will  come  exactly  upon  the  middle  of  the  corona. 
And  it  is  a  very  remarkable  circumstance,  that  the  distance  of 
this  corona  from  the  southern  horizon^  is  exactly  equal  to  the 
inclination  of  the  needle  at  the  place;  so  that  the  south  pole  of 
the  needle  points  directly  to  the  centre  of  the  corona.  Such  I 
found  to  be  the  case  with  regard  to  a  pretty  full  aurora  borea- 
lis,  on  the  7th  of  October,  1816.  The  height  of  the  crown 
was  73**  ICK;  its  eastern  azimuth  12°  11'.  With  regard  to 
another,  on  the  8th  of  February,  1817,  the  height  of  the  co- 
rona was  74°  39' ;  its  east  azimuth  14°  S7^  Now,  in  Chris- 
tiana, the  variation  of  the  compass  is  20°,  and  the  inclination 
of  the  needle  about  73^«  It  will  be  understood,  of  course, 
that  we  cannot  determine,  with  perfect  exactness,  the  sittiation 
of  so  changing  a  mass  of  light ;  and  that,  therefore,  the  small 
deviations  from  the  direction  of  the  needle  cannot  be  taken 
into  account.  At  the  moment  when  the  corona  is  formed, 
and  the  whole  heavens  have  the  appearance  of  a  btilliant 
cupola,  supported  by  columns  of  different  coloured  light,  the 
aurora  borealis  displays  its  full  beauty  and  majesty.  Such 
exhibitions  of  these  lights,  which,  in  the  period  from  1720,  to 
about  1790,  were  pretty  frequent,  have  of  late  years  been 
very  rare ;  and  we  live  in  one  of  the  great  pauses  of  this 
brilliant  phenomenon.  We  often  see  but  a  portion  of  an  arch ; 
sometimes  shooting  beams  without  an  arch ;  and  sometimes 
only  a  faint  glimmering  towards  the  north,  without  distinguish"* 
able  beams. 

To  give  the  optical  explanation  of  the  corona,  would  be  a 
subject  too  extensive  for  us  to  enter  on.  1  shall  only  briefly 
state  here,  that  the  formation  of  the  corona  can  only  be  ex- 
plained, by  supposing  that  the  luminous  columns  shoot  from 
the  surface  of  the  earth  in  a  direction  parallel  to  the  inclination 
of  the  needle,  and  to  the  direction  of  the  earth's  magnetism ; 
that  they  first  become  luminous  when  they  pass  out  of  out 
atmosphere ;  while,  in  passing  through  it,  they  have  the  op- 
posite effect  of  rendering  it  opaque.  By  this,  we  can  explain 
the  dark  segment  which  appears  under  the  arch ;  and  also 
this  remarkable  fact,  that,  while  the  aurora  borealis  is  in  play, 
the  sky,  which  is  now  perfectly  transparent,  may,  in  less  than 
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a  minute  of  time,  be  covered  with  an  almost  impenetrable 
veil,  which  again  may  vanish  in  a  time  as  short, — a  circum-* 
stance  which,  in  our  northern  regions,  may  very  unexpectedly 
derange  many  an  astronomical  observation.     By  this  supposi- 
tion, too,  we  can  explain   the  dark-coloured  streaks  of  the 
aurora  borealis,  which  I  myself  have  frequently  observed,  and 
which  are  mentioned  by  several  persons  who  have  described 
these  lights  in  Norway.     If  we  turn  the  eye  towards  the  mag- 
luetic  zenith  (if  I  may  be  allowed  to  give  this  name  to  that 
point  in  the  heavens  to  which  the  higher,  or,  with  us,  the 
southern  pole  of  the  needle  points),  we  here  see  the  luminous 
columns  from  the  end ;  and,  as  they  are  at  a  considerable 
distance  from  one  another,  in  this  situation  the  eye  perceives 
the  blue  arch  of  the  heavens  between  them.     In  all  other  parts 
of  the  sky,  we  see  the  luminous  columns  obliquely ;  so  that 
the  one  covers  the  other,  which  consequently  gives  them  the 
appearance  of  beams  darting  from  the  arch,  connected  in  one 
body.     The  following  figurative  illustrations  may  make  this 
plain.     Suppose  a  person  lying  in  a  field  of  rank  grass,  or  in  a 
forest  of  tall  pines,  he  will,  in  this  case,  see  only  a  circular  . 
portion  of  the  sky  round  the  zenith.     The  lower  part  of  the 
sky  cannot  be  seen,  concealed  by  the  close  standing  stalks  of 
the  grain,  or  by  the  stems  of  the  trees,  which  cover  one  an- 
other.    If  we  hold  a  brush  or  a  close  heckle  in  such  a  manner 
that  the  bristles  of  the  one,  or  the  teeth  of  the  other,  are 
turned  to  the  eye,  round  that  place  where  the  direction  of  the 
bristles  or  the  teeth  coincide  with  the  axis  of  the  eye,  we  can 
perceive  the  bottom  of  the  brush  or  the  heckle.     In  all  other 
places,  the  bristles  and  the  teeth  cover  one  another,  and  con- 
ceal the  bottom.     If  we  now  suppose  a  plane  reaching  the 
heaVens,  in  the  magnetic  zenith  which  I  have  mentioned,  and 
that  the  luminous  columns  shoot  up  perpendicularly  to  this 
plane,  it  will  now  be  easy  to  perceive,  from  these  examples, 
why  the  luminous  mass  can  be  seen  through  in  these  places, 
and  forms  a  sort  of  corona,  towards  which  all  the  beams  seem 
to  collect.     When  the  arch  of  the  aurora  borealis  rises  so  high 
in  the  sky  as  to  reach  the  magnetic  zenith,  it  seems  then,  at 
this  place,  to  be  broken  off,  from  which  we  may  infer,  that  the 
rings  of  the  polar  lights  consist  of  very  short  luminous  cylin- 
ders, parallel  to  the  direction  of  the  magnetism  of  the  earth, 
which  seem  only  to  form  one  connected  luminous  mass,  be- 
cause the  intermediate  spaces  are  filled  up  by  rows  of  luminous 
cylinders  lying  behind  one  another.     We  see  also  from  this. 
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that  the  shooting  beanos  which  seem  to  dart  from  the  arch 
towards  the  zenith,  properly  neither  conae  from  the  luminous 
ring,  nor  are  connected  with  the  luminous  columns,  but  that 
each  of  them,  as  well  as  the  ring  itself,  consists  of  a  great 
number  of  short  luminous  cylinders,  lying  close  together,  and 
almost  parallel,*  of  which  each  conceals  a  part  of  the  on« 
lying  before  it. 

I  have  already  hinted,  that  there  must  be  some  connexion 
between  the  aurora  borealis  and  the  magnetism  of  the  earth. 
Besides  the  reasons  which  may  be  derived  from  the  facts 
already  mentioned,  1  mean,  that  the  centre  of  the  luminous 
rings  coincide  with  the  four  magnetic  poles ;  and  also,  that 
the  luminous  columns  shoot  parallel  to  the  medium  direction 
of  the  magnetic  powers  at  any  one  place ;  that  they,  beyond 
all  doubt,  follow  the  laws  of  repulsion  of  the  magnetic  powers, 
and,  consequently,  themselves  are  magnetic, — there  are  many 
other  reasons  as  strong,  if  not  stronger,  of  which  I  shall  briefly 
mention  only  the  most  important. 

1.  When  the  aurora  borealis  is  vivid,  the  horizontal  magnet 
becomes  restless,  varies  in  a  few  minutes  from  three,  four,  to 
five  degrees  from  its  ordinary  place,  and  sometimes  gets  into 
a  quivering  motion,  which  shews,  thiit,  at  that  time,  the  mag- 
netic powers  of  the  earth  are  in  a  state  of  great  agitation, 
3.  A  short  time  before  the  aurora  borealis  appears,  the  inten- 
sity of  the  magnetism  of  the  earth  is  apt  to  rise  to  an  uncom- 
mon height ;  but  so  soon  as  ihe  aurora  borealis  begins,  in 
proportion  as  its  force  increases,  the  intensity  of  the  magnetism 
of  the  earth  decreases,  recovering  its  former  strength  by  de- 
grees, often  not  till  the  end  of  twenty-four  hours.  These 
changes  are  sometimes  so  sudden,  that  I  once  observed  a  con* 
siderable  difference  in  the  space  of  from  two  to  three  minutes. 
[The  Professor  here  details  an  experiment  made  with  a  fine 
magnetic  needle,  suspended  by  the  thread  of  a  silk  worm* 
He  counted  its  vibrations  to  the  amount  of  360 ;  and  dividing 
this  number  into  equal  portions,  and  comparing  by  a  chrono- 
meter the  time  occupied  by  each  portion,  he  found  a  difference 
in  the  number  of  vibrations  performed  in  the  same  time,  far 
exceeding  any  thing  which  could  arise  from  the  inaccuracy  of 
the  observation,  proving  a  difference  during  the  time  of  the 
experiment  in  the  intensity  of  the  magnetic  force.]     From 

*  They  are  not  completely  parallel,  as  their  direction  is  parallel  to  the 
inelination  of  the  needle,  wbieh  is  different  in  different  places. 
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this,  he  says,  it  seems,  to  follow,  that  the  polar  lights  are  the 
effect  of  an  uncommonly  high  magnetic  intensicy,  which  in- 
tensity lets  itself  off,  as  it  were,  by  the  polar  lights,  and  thus 
sinks  under  its  common  strength.  3.  During  the  time  of  a 
powerful  display  of  the  aurora  borealis,  Mallet  and  others  have 
found  no  uncommon  strength  of  electricity  in  the  air,  which 
seem  to  disprove  the  hypothesis  of  Franklin.  4.  The  Reverend 
Mr  Steenbuck,  who  was  the  editor,  and  in  a  great  measure, 
th^  author  of  the  Description  of  the  Kingdom  of  NorvHiyy 

Eublishcd  under  the  name  of  Jessen,  and  who  was  himself 
orn  in  the  province  of  Trondheim,  relates,  concerning  the 
arch  of  the  aurora  borealis,  that,  according  to  the  accounts  of 
old  people,  this  arch  was  wont  to  appear  lower  on  the  horizon 
in  Nordlandy  and  nearer  to  the  true  north;  that,  since  these 
times,  it  has  risen  higher  in  the  sky,  and  removed  from  the 
meridian  towards  the  west.  This  agrees  entirely  with  the 
change  of  place  of  the  North  American  magnetic  pole,  by 
whicl)  it  lies  some  nearer  to  us,  and  lies  in  a  plane  which  forms 
a  larger  angle  with  the  meridian.  5.  The  Swedish  naturalist 
Wilcke,  has  remarked,  that,  during  a  vivid  borealis,  the  corona 
sometimes  changes  its  place,  moving  backward  and  forward 
several  degrees.  But  since  the  place  of  the  corona  is  deter- 
mined by  the  angle  formed  by  the  luminous  columns  with  the 
surface  of  the  earth,  it  is  evident  that  the  angle  must  likewise 
change.  And,  in  such  cases,  he  observed,  that  the  inclination 
of  the  needle  altered  in  a  similar  manner,  so  that  moving  up 
and  down,  it  always  pointed  to  the  centre  of  the  corona.  A 
change  in  the  direction  of  the  earth's  magnetism,  produces 
also  a  change  in  the  direction  of  the  lun)inous  columns. 

The  perpendicular  height  of  the  arch  of  the  aurora  borealis 
above  the  surface  of  the  earth,  is  to  be  computed  from  its 
height  above  the  horizon,  observed  at  two  different  places, 
which  lie  at  a  considerable  distance  from  one  another,  nearly 
in  the  same  meridian.  From  a  number  of  those  arches,  the 
cotemporaneous  height  of  which  was  observed  at  Rome,  Paris, 
Copenhagen,  Stockholm,  and  other  places,  Mr  Mairan  has 
found,  that  the  ring  of  the  polar  lights  above  the  surface  of  the 
earth,  almost  always  exceeds  100  geographical  miles.  The 
luminous  columns,  of  which  the  shooting  beams  consist,  have, 
in  all  probability,  the  same  height.*     Consider  now  the  diffi- 

*  When  Scoresby  talks  of  the  shooting  beams  appearing  to  descend  to  the 
top-masts,  this  ean  be  considered  as  nothing  else  mit  an  optical  deoefition. 
In  the  Heavens,  Uie  eye  has  no  measure  of  distance.  Tne  son  and  mocm 
seem  equally  n^r  us,  Uiongh  the  firkt  is  more  than  400  times  farther  distant 
than  the  last 
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culty  of  answering  the  following  questions  on  any  other  hy- 
pothesis than  what  I  have  suggested  :  Why  do  the  polar  lights 
spring  not  from  the  poles  of  the  earth,  but  from  four  points  at 
a  great  distance  from  the  poles  f  Why  do  the  direction  and 
intensity  of  the  earth's  magnetism  change  so  considerably, 
while  the  streams  of  this  light  are  issuing  forth?  Why  is  the 
direction  of  the  luminous  columns  parallel  at  every  place  with 
the  direction  of  the  magnetism  of  tiie  earth,  or  the  mclination 
of  the  needle  ?  What  can  that  material  substance  be,  which 
has  such  powerful  influence  at  so  great  a  height  over  the  sur- 
face of  the  earth  ?  How  can  this,  at  such  a  height,  produce 
a  certain  sound  ?  From  the  manifold  experience  we  have  had 
of  this  in  the  north,  it  must  be  considered  as  a  fact  admitting 
of  no  question.  Why  do  the  polar  lights  not  appear  equally 
powerful  every  season,  but  have  periods  of  from  60  to  100 
years,  during  which  they  display  themselves  with  great  splen- 
dour, after  which  they  have  pauses  of  nearly  equal  length  f 
When  we  consider,  I  say,  the  apparent  impossibility  of  an- 
swering these  questions,  in  a  satisfactory  manner,  on  any  other 
hypothesis,  and  how  readily  an  answer  to  the  most  of  them 
suggests  itself,  when  we  adopt  a  magnetic  origin  to  the  polar 
lights,  it  seems  a  matter  of  course  to  admit  this  hypothesis. 
Nor  is  it  a  new  one.  All  the  naturalists  who  have  had  more 
than  a  superficial  knowledge  of  magnetism,  and  who  can  be 
considered  as  competent  judges  of  this  subject,  have  admitted 
it.  I  have  only  to  mention  as  the  first  and  chief  of  these,  Dr 
Halley;  and  next  to  him,  the  Swedish  naturalists  Celsius, 
Hiorter,  Wargentin,  and  Wilcke.  If  any  person  can  explain 
all  the  external  phenomena  of  the  polar  lights,  by  assuming 
rather  an  elastic  material  fluid,  on  portions  of  which  the  mag- 
netism of  the  earth  can  operate  according  to  the  known  laws  of 
attraction  and  repulsion,  there  still  remains  tliis  important 
question,  which  our  present  knowledge  of  the  sciences  cannot 
answer,  What  is  this  material  substance  ?  Is  it  electricity  in  a 
neutral  state,  as  we  have  learned  to  know  it  in  the  insulated 
galvanic  chain  in  the  experiment  of  Oersted  ?  or,  Is  it  an  ele- 
mentary substance,  in  some  other  state  as  yet  unknown  to  us, 
and  on  which  the  magnetic  powers  only  can  act  ?* 
(To  be  continued.) 

*  A  copious  statement  of  all  the  known  eiternal  phenomena  of  the  polar 
lights,  together  with  a  historical  account  of  their  different  periods  and  pauses, 
init  be  found  io  the  second  part  of  my  "  Mofneiuimu  der  Erde^*'  if  oinwifli- 
stanees  shoqid  ever  put  it  in  mj  power  to  bring  this  worlL  to  light. 
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Art.  XLIX.— On  the  Influence  of  the  Hygrometrie  State  of  the 
Atmosphere  upon  the  Minimum  Temperature  of  the  Nighi* 
By  Adam  Anderson,  M.  A.  F.  R*  S.  E.,  Rector  of  the 
Academy  of  Perth.  [Edin.  PhUos.  /oitr.] 

The  connexion  between  the  minimum  temperature  of  the 
night  and  the  contemporaneous  state  of  the  air,  in  regard  to 
humidity,  was  first  pointed  out,  I  believe,  in  the  Article  Htgro- 
XETRY,  which  I  wrote  several  years  ago  for  the  Edinburgh 
Encyclopaedia.  In  that  dissertation  1  remarked,  that,  as  the 
temperature  of  every  place  for  the  whole  year  ranges  between 
two  extreme  points,  corresponding  to  the  ahernations  of  sum- 
mer and  winter ;  so  it  exhibits,  during  the  diurnal  rotation  of 
the  earth  upon  its  axis,  a  like  difference  resuking  from  the 
vicissitudes  of  day  and  night.  In  the  case  of  the  daily  change 
of  temperature,  there  is  some  interval  between  the  maximum 
and  minimum  condition,  which  may  be  regarded  as  the  tempe- 
rature belonging  to  the  season  of  the  year  ;  and  though  that 
point  is  not^  at  all  times,  equally  distant  from  the  extremes  be- 
tween which  it  oscillates,  it  seldom  departs  far  from  their  mean. 
If  this  mean  temperature  were  to  rise  and  sink  regularly,  as 
the  year  advanced  and  declined,  without  being  subject  to  daily 
fluctuation,  the  quantity  of  moisture  existing  in  the  atmosphere, 
at  any  given  time,  might  be  determined  by  the  thermometer 
alone,  with  tolerable  precision  ;  as  it  would  generally  be  less 
than  the  quantity  corresponding  to  the  mean  temperature,  and 
seldom  greater  than  that  which  belongs  to  the  minimum  tem- 
perature, tl^e  latter  setting  limits  to  the  accumulation  of  watery 
vapour  in  the  atmosphere,  while  the  former  no  less  effectually 
secures  it  against  a  state  of  long  continued  dryness.  The  truth 
of  these  assertions  will  be  readily  perceived,  by  a  comparison 
of  the  minimum  temperature  whh  the  point  of  deposition,  or 
the  temperature  at  which  the  moisture  existing  in  the  atmo- 
sphere would  begin  to  deposite  itself.  I  shall  select  for  this 
purpose  the  observations  which  my  friend  the  Rev.  Dr  Gor- 
don made  in  the  year  1815,  during  his  residence  at  Kinfauns; 
not  only  because  they  were  made  without  any  view  to  the 
support  of  a  theory,  but  still  more  because  his  extreme 
accuracy  as  an  observer,  joined  to  his  profound  knowledge 
of  this  department  of  physical  sciencei  gives  them  an  author!^ 
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ivhich  can  be  claimed  for  the  materials  of  few  meteorological 
journals. 
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31.4 

+1.2 

December, 

33 

6.6 

.1177 

27.9 

27.8 

+0.1 

48 

.1814 

39.6 

48.0 

The  absolute  humidity  of  the  atmosphere,  exhibited  in  the 
coluino  entitled  Grains  of  Moisture  in  100  cubic  inches  of  air, 
was  computed  by  a  formula  which  I  have  given  in  the  article 
Hygrometry  already  alluded  to,  and  the  correctness  of  which 
I  have  since  verified  by  a  careful  compaiison  of  the  results  it 
affords,  with  the  quantity  of  moisture  in  the  air,  as  determined 
by  direct  experiment.  The  column  shewing  the  mean  point 
of  deposition  for  each  month,  exhibits  the  temperature  at  which 
the  air,  at  the  time  of  observation,  if  cooled  down  to  that  point, 
would  begin  to  deposite  the  vapour  in  admixture  with  it.  The 
adjoining  column  contains  the  mean  minimum  temperature  as 
given  by  a  self-registering  thermometer ;  and  the  last  column 
shews  the  difference  between  the  lowest  temperature  and  the 
point  of  deposition.  The  coincidence  is  sufficiently  great  to 
establish  the  important  fact,  that  the  quantity  of  moisture  dis- 
solved in  the  atmosphere  is  so  intimately  connected  with  its 
minimum  temperature,  that  the  former  may  be  readily  inferred 
from  the  latter.  It  was  not  difficult,' indeed,  to  arrive  at  the 
conclusion,  that,  as  the  quantity  of  moisture  which  can  exist  in 
the  atmosphere,  under  the  vaporous  form,  is  entirely  regulated 
by  temperature,  and  totally  independent  of  chemical  solution, 
the  hygrometric  condition  of  the  air  must,  at  all  seasons,  nearly 
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correspond  with  complete  saturatioo  at  the  minimuni  temperft- 
ture  ;  more  especially  from  the  summer  to  the  winter  solstice, 
a  period  of  the  year  when  the  accumulated  moisture  is  return- 
ing back,  by  the  decline  of  temperature,  from  the  vaporous  to 
the  liquid  state*  In  the  present  paper,  however,  it  is  not  so 
much  my  design  to  illustrate  this  point,  as  to  endeavour  to  shew 
that  the  hygrometic  condition  of  the  atmosphere  exerts  a  con- 
siderable reaction  upon  the  temperature  by  which  it  is  induced ; 
the  humidity  of  the  air  producing,  in  this  respect,  upon  its  tem- 
perature, an  effect  analogous  to  that  of  the  fly-wheel  of  the 
machine,  which  regulates  and  controls  the  operation  of  the 
moving  power  by  which  it  is  itself  kept  in  motion. 

Every  person  who  is  at  all  acquainted  with  the  general  doc- 
trines of  caloric,  is  aware  of  the  fact,  that  liquids,  during  their 
transition  to  the  state  of  vapour,  always  absorb  a  large  propor- 
tion of  the  matter  or  substance  of  beat.  This  heat  is  not  dis- 
coverable, in  its  combined  state,  by  any  of  the  ordinary  means 
which  we  employ  to  detect  the  presence  and  intensity  of  that 
subtile  agent.  In  the  case  of  the  vapour  of  water,  it  exists  in 
union  with  the  aqueous  particles,  in  what  is  called  a  latent  or 
concealed  state  ^  but  the  characteristic  energy  of  its  nature  is 
only  suspended  or  neutralized,  not  destroyed.  The  vapour, 
with  which  it  is  united,  cannot  recover  the  liquid  form,  until  the 
watery  particles  have  been  disengaged  from  the  igneous  fluid, 
which,  being  thus  separated,  resumes  its  wonted  activity,  and 
produces  upon  contiguous  bodies,  with  which  it  enters  into 
bew  combinations,  the  usual  indications  of  its  presence  and 
operation.  Thcis,  when  a  quantity  of  common  air,  completely 
saturated  with  humidity,  at  any  particular  temperature,  is  made 
to  suffer  sudden  condensation,  the  extrication  of  heat  from  the 
compressed  vapour  is  not  only  perceptible  by  the  senses,  but 
sufficiently  great  to  set  fire  to  inflammable  substances,  placed 
within  the  sphere  of  its  activity*  The  effect  may  be  ascribed 
in  part,  no  doubt,  to  the  compression  of  the  air,  and  the  change 
of  capacity  for  caloric,  which  it  undergoes  by  condensation ; 
but  it  seems  to  be  chiefly  owing  to  the  transition  of  the  vapour 
to  the  state  of  water,  in  consequence  of  the  reduction  of  volume 
it  sustains,  the  effect  being  much  more  limited  when  dry  air  is 
subjected  to  the  experiment.  The  conversion  of  vapour  to  the 
liquid  condition  being  thus  necessarily  attended  witli  the  evo- 
lution of  heat,  even  when  the  experiment  is  performed  upon  m 
small  scale,  where  a  large  portion  of  the  effect  is  expended 
upon  the  sides  of  the  vessel  containing  the  vaporised  air,  it  is 
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t>bvious,  ihat  the  great  aerial  magazine  which  encompasses  our 
globe,  cannot  yield  up  the  moisture  with  which  it  is,  at  all* 
times,  more  or  less  copiously  cliarged,  without  having  its  tem- 
perature extensively  affected  by  the  change-*     Hence,  if,  by 
any  great  physical  cause,  the  temperature  of  the  air  should  be 
exposed  to  a  sudden  reduction,  the  extent  of  the  effect  would 
not  only  be  modified,  but  in  a  great  measure  counteracted  by 
the  extrication  of  heat  which  wou}d  thus  take  place.     In  con- 
formity with  these  views,  it  may  be  inferred,  ihat  the  greatest 
cold  during  the  night  should  always  he  observed  when  the  at^ 
mosphere  is  in  its  driest  state  ;  andj  conversely^  that  when  (he 
air  is  extremely  moist^  there  should  be  little  difference  between 
ihe  temperature  of  the  day  and  the  night.  This  conclusion,  which 
will  go  far  to  explain  the  cause  of  the  various  deflections  in  the 
isothermal  lines  of  Humboldt,  1  have  verified  by  a  vast  multi- 
plicity of  observations,  both  near  the  level  of  the  sea,  and  in 
situations  2000  feet  above  it ;  during  the  extreme  heat  of  sum- 
mer, as  well  Rs  the  roost  intense  cold  of  winter,  when  the  air 
was  loaded  with  vapour,  not  less  than  when  it  was  almost  en- 
tirely bereft  of  humidity  ;   insomuch,  that,  by  ascertaining  the 
hygrometric  ^ate  of  the  atmosphere  in  the  evening,  I  have  no 
difficulty  in  determining  the  minimum  temperature  of  the  en- 
suing night,  the  deviation   seldom   being  beyond   the  limits 
within  ivbich  the  nicest  thermometrical  observations  are  made. 
The  agreement,  however,  which  I  have  endeavoured  to  trace 
between  the  minimum  temperature  and  the  poim  of  deposition, 
is,  for  obvious  reasons,  most  remarkable  from  the  end  of  July  to 
the  end  of  December,  the  temperature  of  the  year  being  then 
OQ  the  decline,  and  rendering  the  relative  humidity  greater  than 
-  ,1  ■  ■  » ■ . , .    I    ■  \    .  I.I  ■  —  I  ■ 

*Tbe  heat  extricated  ^  the  eondeasation  of  viqpoar  is  beaatifiriljr  exhibited 
by  the  following  simple  experiflient : — Let  a  little  moistened  linen  or  paper 
))e  placed  under  a  receiver,  upon  the  plate  of  an  air-pump,  in  which  there  is 
at  tne  same  time  Baipended  a  delicate'  thermometer ;  on  exhausting  the  air, 
the  receiver  will  soon  be  filled  with  invisible  vapour,  which  will  ne  more 
or  less  dense,  according  to  the  temperature  of  the  apartment  at  the  time  of 
the  experiment.  In  the  course  of  two  minotes,  if  tne  air-pump  be  a  good 
one,  tlie  density  of  the  vapour  will  reach  its  maximum  state,  for  the  tempe- 
rature ;  that  is,  the  space  occupied  by  the  vapour  will  be  incapable  of  holding 
more  moisture  in  solution, — consequently,  when  the  stop-cock  is  turned,  the 
ahr,  winch  is  allowed  to  enter  the  receiver  from  the  outside,  carrying  along 
wkh  it  the  portion  of  water  which  it  retains  at  the  time  in  the  vaporous  state, 
the  whole  of  that  vapour  must  suffer  condensatibb.  The  sides  of  the  receiver 
are  accordingly  suddenly  bedimmed  with  moisture,  and  the  thermometer  at 
the  same  instant  rises  6  or  6  degrees.  This  experiment  affbrds  a  fine  illos- 
trutioD  of  the  well  known  fact,  that  the  fomiatioii  of  a  cloud  in  the  lenith 
,  of  a  clear  and  serene  sky,  never  fails  to  raise  the  temperature  of  the  air  at 
the  surface  of  the  earth  2  or  3  degrees. 
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duHDg  the  other  half  of  the  year ;  but  at  no  season  is  the  devia- 
tion so  great  as  not.to  indicate  a  mutual  connexion  between 
them.  It  may  also  be  proper  to  remark,  that,  after  the  tem- 
perature of  the  night  reaches  the  point  of  deposition,  which  it 
seldom  fails  to  do,  the  check  to  its  farther  diminution  operates 
most  effectually  at  the  higher  temperatures;  because  the 
quantity  of  vapour  which  passes  into  the  liquid  state  being 
greater,  it  exerts  a  corresponding  influence  over  the  thermal 
state  of  tlie  air,  and  thus  prevents  the  lowest  temperature  of 
the  night  from  ever  being  greatly  depressed  below  the  point  oi 
deposition.  In  the  month  of  July,  for  example,  when  the 
mean  point  of  deposition  may  be  taken  in  this  latitude  at  45% 
the  quantity  of  moisture  in  the  air  is  0.2099  grains  m  100  cu- 
bic ioehes;  whereas,  in  the  month  of  December,  when  the 
mean  point  of  deposition  is  15^  lower,  the  quantity  of  moisture 
in  ^he  same  volume  of  air  is  only  0.1278  grains.  So  that  a 
depression  of  1^  of  temperature  in  the  former  case,  would 
cause  nearly  double  the  quantity  of  vapour  to  pass  to  the  liquid 
state,  and  evolve  a  proportional  quantity  of  caloric,  to  coun- 
teract any  tendency  (whether  from  radiation  or  any  other 
cause,)  which  the  air  might  have  to  a  farther  reduction  of 
temperature.  I  shall  not  occupy  the  pages  of  this  Journal  with 
a  tedious  comparison  of  numerical  results  in  support  of  the 
general  positions  which  I  have  laid  down,  but  confine  myself 
to  a  few  interesting  details  of  some  observations  which  I  made, 
under  circumstances  peculiarly  well  fitted  to  subject  the  theory 
to  a  severe  trial.    These  I  shall  briefly  describe  : 

Having  occasion,  during  the  month  of  August  1822,  to  fix 
my  residence  for  some  time  at  Amulree^i  a  situation  in  the 
Highlands  of  Perthshire  remarkable  for  the  dryness  and  salu- 
brity of  its  air,  I  carried  along  with  me  a  number  of  good 
meteorological  instruments,  for  the  purpose  of  making  such  ob- 
servations on  the  hygrometric  state  of  the  air,  in  that  elevated 
part  of  the  country,  as  might  tend  either  to  confirm  or  overturn 
my  hypothesis*  The  state  of  the  weather,  which  proved  eit- 
tremely  variable,  was  highly  favourable  to  the  object  I  bad  in 
view,  the  thermometer  having  ranged,  in  that  short  interval,  from 
63^  to  26%  and  exhibited  greater  fluctuations  than  I  have  ever 
observed  in  the  month  of  August.  On  the  thirteenth  the  day 
Was  hazy,  and  the  coincidence,  the  following  night,  between 

*  Amalreo  to,  by  my  baronctrical  obMrvattom,  838  feet  above  the  level 
of  the  sea. 
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the  mioimum  temperature  and  the  point  of  deposition,  as  in- 
dicated by  my  formula,  was  exact.  The  following  day  the 
humidity  of  the  air  increased  considerably,  and  the  point  of 
deposition  rose  from  45^®  to  48^^.'«  The  ensuing  night  the  mi* 
nimum  temperature  was  proportionally  raised,  the  register- 
tbenooroeter  having  indicated  50^.  The  next  day,  the  absolute 
humidity  of  the  air  was  reduced,  in  consequence  of  an^ im- 
petuous dry  wind,  from  J282  to  .165  grains  of  moisture  in  100 
cubic  inches  of  air,  and  the  point  of  deposition  thus  descended 
to  37 1^'.  The  minimum  temperature  which  followed  this  very 
sudden  change  was  38^°,  differing  only  three-fourths  of  a  de- 
gree from  the  temperature  assigned  by  the  formula.  From  that 
day  the  dryness  of  the  atmosphere  gradually  increased  till  the 
twenty-aecood,  when  the  quantity  of  moisture  in  the  air  became 
less  than  is  commonly  observed,  except  in  the  most  rigorous 
of  the  winter  months.  On  the  evening  of  that  day  my  formula 
indicated  that  the  point  of  deposition  was  reduced  to  26^,  and 
the  next  morning  I  had  the  satisfaction  to  find  that  the  register- 
thermometer  had,  in  the  course  of  the  night,  reached  the  very 
same  point.  Another  register-thermometer,  which  I  had  placed 
on  the  summit  of  a  neighbouring  hill,  at  the  height  of  905  feet 
above  the  point  where  I  usually  made  my  observations,  shewed 
that  the  greatest  cold  in  that  elevated  situation  had,  contrary  to 
what  commonly  happens,  been  1^  higher. 

This  remarkable  degree  of  cold,  at  that  season  of  the  year, 
eeems  to  have  been  in  a  great  measure  local,  and  to  have  ex- 
tended only  a  few  miles  around  Amulree;  At  five  o'clock  in 
the  morning,  the  ground  in  the  neigbbotirbood  of  that  place 
was  so  hardened  by  the  frost,  that  it  could  not  be  penetrated 
by  an  instrument ;  and  the  crops,  particularly  those  of  oats 
and  potatoes,  suffered  severely ;  the  former,  which  were  pre- 
viously in  a  greenish  state,  soon  after  assuming  a' pale  yellowish 
appearance,  while  the  latter  were  completely  blackened  and 
withered  in  the  stem.  The  intensity  of  the  frost  was  less  felt 
in  the  neighbourhood  of  Crieff,  which  is  about  ten  miles  from 
Amulree,  but  even  there  it  sensibly  affected  the  standing 
crops.  Around  Perth*  its  influence  was  scarcely  perceptible, 
the  register-thermometer  having  descended  only  to  39^^ ;  but 
in  the  vicinity  of  that  place  the  air  possessed  a  much  greater 
degree  of  humidity,  the  point  of  deposition,  by  the  appiioatioo 

*  Perth  w  eighteen  miles  firom  Amulree,  the  first  raage  of  the  Qrampians 
Interveniog. 
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of  my  formula  to  Dr  Gordon's  obserrations  at  the  Manse  of 
Kinfauos,  being  38. 

The  extreme  dryness  of  the  air,  which  preceded  the  great 
depression  of  temperature,  during  the  night,  around  Amulree, 
was  not  of  long  duration.  On  the  evening  of  the  twenty-third, 
the  point  of  deposition  rose  to  32^  and  the  minimum  tempo- 
rature  of  the  following  night  did  not  descend  below  30^^.  Next 
day,  the  quantity  of  moisture  in  the  atmosphere  was  more  than 
doubled,  so  that  the  point  of  deposition,  assigned  by  the  for- 
mula, rose  from  32^  to  47^.  The  elevation  of  the  minimum 
temperature  corresponded  to  this  increase  of  the  humidity  of 
the  atmosphere,  and  rose  from  30^^  to  46^°.  These  facu 
seem  to  establish,  in  the  most  satisfactory  manner,  that  a  coin- 
cidence exists  between  the  lowest  temperature  of  the  night  and 
the  point  of  deposition,  or  that  temperature  at  which  the  mois- 
ture dissolved  in  the  atmosphere  would  return  to  the  liquid 
state.  The  only  question  with  respect  to  which  any  difference 
of  opinion  can  be  entertained,  is,  whether  the  temperature 
regulates  ihe  humidity,  or  the  humidity  the  temperature  ?  To 
this  question  I  have  no  hesitation  in  replying,  that,  from  the 
facts  I  have  adduced,  we  are  warranted  in  drawing  the  coi>- 
dusion,  that  the  temperature,  in  the  first  instance,  determines 
the  mean  hygrometric  condition  of  the  atmosphere,  at  least 
where  the  surface  of  the  earth  affords  a  sufficient  supply  of 
moisture ;  and  that  the  latter,  in  its  turn,  reacts  upon  the 
temperature,  and  prevents  it  from  being  in  any  case  greatly 
depressed  below  the  point  of  deposition.  In  cases  where  this 
check  operates  in  a  feeble  manner^  which  must  always  happen 
when  the  atmosphere  is  reduced  to  great  dryness  by  the  trans- 
lation of  air  from  a  higher  latitude,  or  across  elevated  table-land, 
the  lowest  temperature  of  the  night  must  always  be  considerable* 
In  the  months  of  April  and  May,  for  example,  the  air  over  our 
island  is  generally  extremely  dry,  on  account  of  the  cold  and 
parching  northeast  winds  which  prevail  at  that  season,  and  the 
minimum  temperature  of  the  night  is  accordingly  often  reduced 
below  the  freezing  point.  Last  season  afforded  a  striking  illus- 
tration of  this.  The  spring  was  throughout  extremely  dry,  and 
the  minimum  temperature  descended  alnx>st  regularly  «very 
night  below  the  freezing  point,  the  only  exceptions  having  oc- 
curred when  a  partial  change  took  place  in  the  humidigr  of  the 
air.  Even  on  the  day  of  the  summer-solstice,  though  the 
oiaximum  temperature  rose  at  Perth  to  70**,  yet  the  moisture  in 
the  atmosphere  being  so  scanty  that  the  point  of  deposition 
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was  80  low  ias  38^,  the  temperature  of  the  ensuing  night  sunk 
to  30"" ;  nor  did  the  self-registering  thermometer  cease  to  ap- 
proach the  fieezing  point,  until  the  absolute  humidity  of  the 
atmosphere  became  permanently  and  considerably  augmented. 
From  the  remarks  which  I  have  made  on  this  important 
subject,  a  method  of  determining  the  average  hygrometric 
state  of  the  air,  by  means  of  the  minimum  temperature,  readily 
suggests  itself,  it  being  evident,  that  places,  wjiere  there  is 
little  difference  between  the  greatest  heat  of  the  day  and  the 
extreme  cold  of  the  night,  oiust  be  exposed  to  a  moist  atmos- 
phere, while  those  situations  which  possess  a  wider  range,  with* 
respect  to  the  diurnal  returns  of  temperature,  must  enjoy 
a  corresponding  degree  of  dryness,  and  probably,  too,  of  salu- 
brity. But  it  is  to  the  influence  of  moisture,  as  the  means  of 
checking  the  diminution  of  temperature  during  the  absence  of 
the  sun,  the  great  source  of  light  and  heat  to  our  globe,  that  I 
wish  chiefly  to  draw  the  attention  of  meteorologists.  After  the 
sun  has  sunk  below  the  horizon,  the  temperature  of  the  air, 
which  bad  been  previously  declining  with  his  altitude,  under- 
goes a  more  rapid  diminution,  and  reaches  its  minimum  state 
generally  about  midnight ;  after  which  it  suffers  little  or  no 
change  till  towards. the  hour  of  sunrise.  From  midnight  the 
progress  of  the  cold  is  most  completely  arrested,  the  transitioa 
of  the  vapour  to  the  liquid  state  evolving  a  sufficient  portion  of 
heat  to  counteract  the  loss  of  temperature  by  radiation,  and 
the  other  physical  causes  by  which  the  cold  of  the  night-air  is 
induced.  Before  sunset,  a  considerable  portion  of  moisture, 
it  must  be  admitted,  is  discernible  on  the  blades  of  grass,  and 
other  spicular  substances  on  the  ground  ;  but  the  dew'  thus 
formed  is  rather  a  condensation  of  the  moisture  exhaling  from, 
the  surface  of  the  earth,  by  the  heat  it  had  acquired  during 
the  day,  than  a  precipitation  of  vapour  from  the  atmosphere, 
which  it  would  seem  does  not  begin  to  take  place  until  the 
temperature  of  the  air  has  reached  the  point  corresponding  to 
complete  dampness.  This  is  the  reason  why  from  midnight  to 
the  time  when  the  heat  of  the  sun  begins  to  be  sensibly  felt 
next  morning,  the  temperature  of  the  night  is  nearly  stationary  ; 
and  were  it  not  for  the  constitution  of  things  which  I  have 
described,  the  reduction  of  temperature  would  proceed  to  a 
much  greater  extent  than  is  actually  observed,  seeing  that  the 
night-cold,  even  in  the  months  of  summer,  when  the  season 
happens  to  be  very  dry,  is  always  excessive,  and  frequently 
descend  below  the  point  of  congelation,  at  the  very  tfme  when 
the  temperature  of  the  day  rises  to  75^. 
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Aet.  L.— ^noZym  of  the  Water  of  the  Rio  Vinagre^  in 
the  Andet  of  Popayan^  by  M.  Mariano  de  Rivero ;  inth 
geognoitic  and  Physical  Illustrations  of  some  Phenomena 
which  are  exhibited  by  Sulphur^  Sulphuretted  Hydrogen, 
and  Water^  in  Volcanoes.    By  M.  A.  de  Humboldt. 

IPha.  Mag.] 
[Extract  of  a  Letter,  dated  the  8th  October  1823.] 

^'  Is  compliance  with  the  desire  of  M.  de  Humboldt,  T  pro- 
cured some  of  the  water  of  Rio  Vinagre.  It  was  sent  to  me 
by  M*  Torres,  who  takes  an  interest  in  all  that  can  contribute 
to  scienti6c  researches.  This  water  has  yielded  per  litre  :  sul- 
phuric acid,  1.080;  muriatic  acid,  0.184;  alumine,  0.240 ; 
lime,  0.160 ;  and  some  indications  of  iron.*  The  presence 
of  muriatic  acid  confirms  the  observations  made  on  the  va- 
pours and  the  stony  productions  of  Vesuvius  and  of  several 
other  volcanoes." 

I  had  made  known,  at  the  time  of  my  return  from  America, 
the  presence  of  the  sulphuric  and  muriatic  acids  in  the  water 
of  the  Rio  Vinagre,  which  the  aborigines  call  Pusambio.  f  See 
Views  of  the  Cordilleras,  and  Monuments  of  the  People  of 
America,  vol.  ii.  p.  166  ;  Barometric  Leveling  of  the  Andes, 
No.  126 ;  Caldas,  Samanario  del  Nuevo  Reyno  de  Granada, 
t.  i.  p.  265)  ;  but  not  being  furnished  with  the  saks  of  barytes, 
I  had  engaged  MM.  Rivero  and  Boussingauk,'  when  they 
departed  from  Bogota,  to  verify  these  facts.  The  analysis, 
which  we  owe  to  one  of  these  expert  chemists,  is  the  first 
which  has  been  attempted  on  the  water  of  ilie  ^Rio  Vinagre. 
I  shall  give  some  extracts  from  the  journal  of  my  travels,  in 
great  part  still  unpublished,  explanatory  of  the  local  circum- 
stances. 

The  town  of  Popayan  is  situated  in  the  beautiful  valley  of  the 
Rio  Cauca,  on  the  Bogota  road  to  Quito,  at  the  foot  of  the 
two  great  volcanoes  of  Purace  and  Sotara. 

*  It  caanot  be  doubted  that  the  indications  are  by  grammes  and  fractioni 
•f  grammes  ;  a  litre  of  the  water  of  the  Rio  Vinagre  includes  1.080  grammes 
of  sulphuric  acid,  and  0.184  grammes  of  muriatic  acid.  Thb  propoKion  of 
iulphuric  acid  is  nevertheless  very  sensible  to  the  taste,  and  is  manifest  by 
an  abundant  precipitate  with  the  salts  of  barytes. 

[The  litre  being  2.113  pints,  Ihe  contents  of  the  water  in  English  graint 
will  be  as  follows :  sulphuric  acid  16.68 ;  muriaUc  acid  2.84 ;  alumine  8.7# 
lime  2.47.    Edii.] 
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These  volcanoes,  almost  extinct,  and  exhibiting  only  the 
phenomena  of  solfataras,  form  part  of  the  central  chain  of  the 
Andes  of  New  Granada.  At  V  55'  and  2*»  2(y  of  north  lati- 
tude, the  group  of  mountains  which  incloses  the  sources  of  the 
Magdalena  is  divided  into  three  branches,  of  which  the  east- 
ern is  continued  towards  Timana  and  the  Nevados  of  Chita 
and  of  Merida  ;  the  intermediate  and  central  one  towards  the 
Paramos  of  Guanacas  and  of  Qnimdiu ;  the  western  towards 
the  platiniferous  district  of  the  Choco  and  the  isthmus  of 
Panama.  In  ascending  from  the  town  of  Popayan  to  the  sum- 
mit of  the  volcano  of  Purace,  M.  Bonpland  and  I  found  at 
the  height  of  8672  feet  a  little  plain  (Llane  del  Corazon),  in- 
habited by  poor  Indian  husbandmen.  This  plain  is  separated 
from  the  rest  of  the  acclivity,  with  which  it  would  otherwise 
be  continuous,  by  two  ravines  extremely  deep  :  it  is  at  the 
edge  of  these  precipices  that  the  village  of  Purac6  is  buih. 
Sp.ings  rise  every  where  from  the  trachytic  rock  ;  each  gar- 
den is  surrounded  with  a  quickset  hedge  of  narrow-leaved 
euphorbium  {lechero)  of  the  most  delicate  green.  This 
beautiful  verdure  contrasts  in  a  striking  manner  with  the  back- 
ground of  black  and  arid  mountains,  which  surround  the  vol- 
cano, and  which  are  rent  by  the  effects  of  the  earthquakes. 

The  site  of  the  village  is  celebrated  in  the  country  on  ac- 
count of  three  beautiful  cascades  [choreras]  of  the  river  of 
Pusambio,  whose  water  is  acid,  and  which  the  people,  who 
know  no  other  acid  than  vinegar,  call  Rio  Vinagrey  some- 
times Gran  Vinagre.  This  river  takes  its  rise  at  the  height 
of  nearly  10,871  feet,  in  a  very  inaccessible  spot.  Akhougb 
the  temperature  of  the  water  be  little  different  in  the  lower 
cascades  from  that  of  the  surrounding  atmosphere,  it  is  no  less 
certain  that  the  sources  of  the  Pusambio  or  Venagre  are  very 
hot.  This  fact  was  attested  to  me  by  the  natives  and  by  the 
missionary  of  the  village  of  Purac^.  In  going  to  the  summit 
of  the  volcano  1  saw  a  column  of  smoke  rise  at  the  place  where 
the  acid  waters  make  their  appearance.  I  have  drawn  the 
second  of  the  falls  of  the  Vinagre  (plate  xxx  of  the  Views  of 
the  Cordilleras)  :  the  water  which  opens  itself  a  passage  across 
a  cavern,  is  precipitated  more  than  383  feet  in  depth.  The 
(fall  has.  a  very  picturesque  effect ;  but  the  inhabitants  of  Popa- 
yan would  be  better  pleased  if  the  river,  instead  of  throwing 
itself  into  the  Rio  Cauca,  became  engulfed  in  some  other 
crevice ;  for  such  is  the  delicacy  of  constitution  of  animals 
whittb  breath  by  gills,  and  which  absorb  the  oxygen  dissolved 
VOL.  n.  NO.  5.  59 
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id  the  water,  that  the  Cauca,  during  a  course  of  four  leagues, 
is  destitute  of  fish,  on  account  of  the  mixture  of  its  waters  with 
those  of  the  Rio  Vinagre,*  which  are  charged  both  with  oxide 
of  in>n  and  with  sulphuric  and  muriatic  acid.  After  staying  a 
considerable  time  on  the  craggy  wall  of  rock  which  borders 
the  cascade,  a  pricking  sensation  is  felt  in  the  eyes  from  the 
minute  spray  in  the  atmosphere.  Fish  re-appear  in  the  Rio 
Cauca  at  the  point  where  it  becomes  enlarged  by  the  influx  of 
the  Pindamon  and  of  the  Place.f 

A  little  to  the  north  of  the  sources  of  the  Pusambio  rise  two 
other  rivulets  charged  in  like  manner  with  free  sulphuric  acid, 
which  the  people  call  the  Little  Vinegars  (los  dos  Vinagres 
ehkos)  :  they  throw  themselves  into  the  Rio  de  San  Francis- 
co, which  is  itself  but  a  tributary  of  the  Gran  Vinagre*  Dur- 
ing my  stay  at  Popayan  it  was  tin  opinion  generally  received 
that  all  these  acid  waters  contained  some  iron  dissolved  by  a 
great  quantity  of  carbonic  acid.  When  it  was  merely  remem- 
bered that  the  sources  of  the  Vinagre  are  very  hot,  this  opin- 
ion ought  to  have  been  abandoned.  I  boiled  some  water  taken 
from  the  cascade  ;  and  I  found,  after  the  ebullition,  the  same 
acid  taste  and  the  precipitates  as  in  the  unboiled  water.  At 
this  period.I  had  very  few  re-agents  left. 

The  nitrate  of  silverj!  gave  a  white  and  milky  precipitate, 
indicating  the  presence  of  muriates.  The  presence  of  iron 
was  shown  by  the  prussiate  of  lime,  that  of  lime  by  the  oxalato 
of  potash.  When  the  water  was  weighed  with  great  care  in 
the  office  of  the  mint  of  Popayan,  the  weight  of  an  equal 
quantity  of  the  water  of  the  Vinagre  was  found  to  be  to  that  of 
distilled  water  as  2735^  gr.  to  2731  gr. ;  that  is  to  say.  that 
the  specific  gravity  of  the  water  of  the  cascade  was   1.00  5. 

The  waters  which  I  describe,  and  of  which  M.  Rivero  has 
given  the  first  analysis,  must  not  be  confounded  with  those  of 
the  two  subterraneous  lakes  which  we  have  found  near  the  sum- 
mit of  the  volcano ;  one  is  14,356  feet  high^  the  other,  above 
the  snows,  15.475  feet.     This  volcano  of  Purace  is  a  dome 

*  M.  Caldas  hn  er^n  attribated  to  this  miiture,  doubtfess  with  little  rea- 
son, the  abseace  of  foitres  in  tlie  valley  of  Rio  Cauca.— Semanorio,  t.  I.  p. 
965.  See  my  Memoir  od  the  Goitres  ia  the  Cordilleras.  (MageHdie^  Jwr. 
de  PkynoL  t.  It,  p.  IdO) 

t  Journal  de  Phynque^  t.  liil|  p.  01. 

X  The  conjoint  presence  of  the  sulphuric  and  muriatic  acids  has  also  been 
observed  by  M.  Vauquelin  in  the  water  which  M.  LeschenauU  had  taken  from 
fbe  crater-lake  of  Mount  Idienne  in  Java  iJowwU  de  Phmmu.  t.  Iiv.  p.  406.) 
See  Phil.  Mag.  vol.  xlii.  pp.  126, 1«^ 
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of  semlvitreous  trachyte  of  a  bhiish  grey,  and  having  a  con- 
choidal  fracture.  It  does  not  present  a  great  crater  at  its 
summit,  but  several  little  mouths.  It  differs  very  much  0*0011 
the  neighbouring  volcano,  the  Sotara,  which  is  of  a  conical 
form,  and  which  has  thrown  out  an  immense  quantity  of  obsi- 
dians. These  masses,  covering  the  plains  of  Julumito,  are 
balls  or  tears  of  obsidian,  the  surface  of  which  is  often  tuber- 
cular. They  present,  what  I  have  seen  no  where  else  in  the 
two  hemispheres,  all  the  shades  of  colour,  from  deep  black  to 
that  of  an  artificial  glass  entirely  colouiless.  It  may  appear 
surprising  to  see  that  this  deprivation  of  colour  has  not  been 
accompanied  by  any  inflation  or  porosity.  The  obsidians  of 
Sotara  are  mixed  with  fragments  of  enamel  which  resemble 
the  porcelain  of  Reaumur,  and  adhering  to  which  I  have 
found  masses  of  felspar  which  have  resisted  fusion. 

Here,  as  in  the  Andes  of  Quito,  as  at  Mexico,  and  at  the 
Canary  Islands,  the  system  of  basaltic  rocks  lies  far  from  the 
trachytes  which  form  the  volcano  of  Purac6  and  of  Sotara. 
The  basalts  of  the  T^tilla  of  Julumito  belong  only  to  the  left 
bank  of  the  Cauca.  They  rise  from  transition  porphyries  free 
from  augite,  containing  some  hornblende,  a  very  little  quartz 
in  small  crystals  embedded  in  the  mass,  and  a  felspar  which 
passes  from  the  common  to  the  vitreous  variety.     This  por* 

f)hyry  is  covered,  near  to  Los  Serillos,  with  a  blackish-grey 
imestone,  traversed  by  veins  of  carbonate  of  lime,  and  so 
much  overcharged  with  carbon  that  in  some  parts  it  stains  the 
fingers  like  an  aluminous  schist,  or  like  the  lydian*  stone  of 
Steeben  in  the  Fichtelgebiige. 

The  trachytic  dome  of  Purac^  which  gives  birth  to  the 
little  river  of  sulphuric  acid,  rises  out  of  a  porpbyritic  syenite 
(with  common  felspar),  which  in  its  turn  is  superimposed  on 
transition  granite  abounding  in  mica.  This  observation,f  very 
important  for  the  position  of  volcanic  rocks,  may  be  made  near 
to  Santa  Barbara  in  ascending  from  Popayan  to  the  village  of 


*  M.  VauqaeliD  has  recently  proved  by  a  direct  analysis  the  presence  of 
carbon  in  the  parest  lydian  stones.  I  had  foond,  in  a  series  of  experiments 
made  on  the  gialvanic  exciters  in  1798,  that  the  lydian  stones  of  the  tmnsition 
schists  of  Steeben  produced  joinUy  with  sine  the  same  effect  as  graphite  or 
carburet  of  iron.  I  have  since  made  some  trials  to  prove  chemically  the 
presence  of  carbon  in  several  varieties  of  lydian  stone.  See  my  Expert- 
ments  on  the  Nervous  and  Muscular  Fibre  ^in  German),  t.  ii.  p.  163. 

t  See  an  account  of  the  whole  of  these  phenomena  of  the  volcanoes  of 
Popayan  io  my  Euai  rur  It  Gistmeni  dt$  Rodietf  1823,  pp.  129,  139, 34CK 
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Purac^.  Tbe  volcano,  like  the  roost  part  of  the  great  volcanoes 
of  the  Andes,  presents  layers  or  mantles  of  melted  stony  matter, 
not  real  currents  of  lava.  Some  fragments  of  granular  limestone, 
probably  magnestan,  which  I  found  at  more  than  1 2,790  feet 
high,  seem  to  have  been  thrown  up  through  crevices  which 
have  since  become  closed.  They  are  like  those  of  tbe  Fosso 
Grande  of  Vesuvius,  which  owe  their  granular  texture  to  vol- 
canic fire.  It  is  not  possible  to  go  on  horse  back  further  tbaa 
tbe  cascades  of  the  Rio  Vinagre.  From  thence  we  were 
eight  hours  in  mounting  on  foot  to  the  s<immit  of  the  volcano 
and  in  descending  from  it.  The  weather  was  dreadful ;  snow 
and  hail  fell.  I  had  a  great  deal  of  difficulty  in  lighting  the  tinder 
the  point  of  the  conductor  of  Volta's  electrometer ;  the  balls 
of  elder  pith  separated  from  5  to  6  lines,  and  the  electricity 
passed  often  from  positive  to  negative  without  there  being  any 
other  symptom  of  storm :  for  thunder  and  lightning  are  (ac- 
cording to  my  experience^  generally  very  rare  when  we  are 
above  12,800  or  14,000  leet  high.  The  hail  was  white  ;*  the 
hailstones,  from  five  to  seven  lines  in  diameter,  composed  of 
layers  varying  in  translucency.  They  were  not  only  much 
flattened  towards  the  poles,  but  so  much  increased  in  their 
equatorial  diameter,  that  rings  of  ice  separated  themselves  on 
the  least  shock.  I  had  already  twice  observed  and  described 
this  phenomenon,  in  the  mountains  of  Bareuth,  and  near  Cra- 
cow, during  a  journey  in  Poland.  Can  it  be  admitted  that 
the  successive  layers  which  are  added  to  tbe  central  nucleus 
are  in  a  state  of  fluidity  so  great  that  the  rotary  motion  can 
cause  the  flattening  of  tbe  spheroids  ? 

When  the  barometer  indicated  that  we  were  come  very 
near  the  limit  of  perpetual  snow,  we  found  the  masses  of  sul- 
phur disseminated  in  imperfectly  columnar  tracbytic  rocks 
augmented.  This  phenomenon  struck  me  the  more,  as  1 
knew  how  rare  sulphur  is  on  the  sides  of  inflamed  volcanoes : 
a  column  of  yellowish  smoke  and  a  fiightful  noise  informed 
us  of  the  neighbourhood  of  one  of  the  mouths  (bocas)  of  the 
volcano.  We  had  some  trouble  to  approach  its  edge;  the 
declivity  of  the  mountain  being  very  steep,  and  the  crevices 
only  covered  by   a  crust  of  sulphur,  of  whose  thickness  we 

•I  ba%'e  already  remarked  elsewhere  in  the  ^nn.de  Chimie^  that  at  Paramo 
de  Giiaimcas,  where  the  road  from  Bos:ota  to  Popayan  passes  to  tbe  height 
of  14,700  feet,  there  has  been  seen  fall,  no  snow,*  but  red  hail.  Did  it  in- 
close those  same  germs  of  vegetable  organiEation  which  have  been  discover- 
ed above  tbe  polar  circle  ? 
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were  ignorant.  We  believed  we  might  rate  the  extent  of  this 
crust,  which  is  often  interrupted  by  rocks,  at  more  than  J  2,000 
square  feet.  These  little  ridges  of  tracbytic  rocks  act  strongly 
on  the  magnet.  I  tried  to  keep  at  as  much  distance  from 
them  as  possible  to  determine  the  inclination  of  the  needle. 
It  was  at  the  town  of  Popayan  (height  5,825  '  English  feet) 
23\05,  centesimal  division ;  at  the  village  of  Purac^  (height  . 
8671  feet)  21°.81  ;  near  the  summit  of  the  volcano  of  Purac6 
f  height  14,542  feet)  20^85.  The  intensity  of  the  magnetic  ' 
lorce  varied  very  little  at  Popayan  and  at  the  villnge  of  Purac£ ; 
and  the  diminution  of  the  inclination  is  certainly  not  the  effect 
of  the  height,  as  is  proved  by  so  many  other  observations  which 
1  have  made  on  the  summit  of  the  Andes,  but  the  effect  of 
local  attractions  depending  on  certain  centres  of  action  in  the 
trachytes.  The  mouth  of  the  volcano  of  Purace  is  a  perpen- 
dicular cleft,  the  visible  opening  of  which  is  only  6  feet  long 
and  3  broad.  It  is  covered  in  form  of  a  vault  by  a  layer  of 
very  pure  sulphur,  which  is  1 8  inches  thick,  and  which  the 
force  of  the  elastic  vapours  has  split  on  the  north  side.  At 
the  distance  of  12  feet  from  the  mouth  we  felt  an  agreeable 
heat.  The  centigrade  thermometer,  t?hich  had  kept  till  then 
at  6**.2  (43°  F.)  (a  cold  not  at  all  considerable  in  a  time  of 
hail,  and  at  a  height  of  14,356  feet),  rose  to  15"*  (ei^"  F). 
Placed  in  such  a  manner  as  not  to  be  incommoded  by  the 
vapours,  we  had  the  pleasure  of  drying  our  clothes.  The 
frightful  noise  which  is  heard  near  this  opening  has  almost 
always  the  same  intensity  :  it  can  only  be  compared  to  that 
which  would  be  caused  by  several  steam-engines  together, 
were  the  dense  steam  suffered  to  escape  from  all  at  the  same 
moment.  We  threw  great  stones  into  the  crevice,  and  we 
discovered  on  this  occasion  that  the  opening  communicated 
with  a  basin  full  of  boiling  water.  The  vapours  which  escape 
with  so  much  violence  are  of  the  sulphurous  acid,  which  is 
indicated  by  their  suffocating  smell.  We  shall  soon  see  that 
the  water  of  the  subterraneous  lake  is  charged  with  sulphu- 
retted hydrogen  ;  but  the  odour  of  this  gas  is  not  smelt  at  the 
summit  of  the  volcano,  because  it  is  disguised  by  the  much 
stronger  smell  of  the  sulphurous  acid  vapours.  I  had  not  any 
means  of  determining  the  temperature  of  these  vapours,  which 
seem  to  undergo  a  prodigiously  strong  pressure  in  the  interior 
of  the  volcano.  The  Indians  pretend  that  the  opening  has 
several  compartments  which  are  not  all  filled  with  water,  and 
that  the  noise  which  is  heard  at  times  in  the  interior  of  ;fae 
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crevice  is  the  foreruDner  of  flames.  I  introduced  by  means 
of  a  long  pole,  some  papers  coloured  with  the  tincture  of  vio- 
lets, under  the  vault,  where  I  could  be  sure  of  not  touching 
the  surface  of  the  water.  Drawing  back  the  pole  I  found  the 
papers  strongly  reddened,  but  not  at  all  inflamed,  as  was  easy 
to  be  foreseen. 

We  succeeded  after  several  vain  attempts  in  obtaining  some 
water  from  the  crevice  :  this  was  b)  tying  a  ty^tuma  (the  fruit 
of  the  Cresentia  Cujete)  to  a  slick  8  feel  long.  The  water 
was  directly  poured  into  a  bottle  and  hermetically  stopped. 
We  examined  it  on  our  return  to  the  village  of  Purace  ;  it  ex- 
haled a  strong  smell  of  sulphuretted  hydrogeu  ;  it  had  no  acid 
taste,  but  some  weak  precipitates  caused  by  the  nitrate  of  sil- 
ver showed  the  presence  of  muriatic  acid^  The  crust  of  sul- 
phur which  'forms  above  the  mouth  arises  without  doubt  from 
the  contact  of  vapours  of  sulphurous  acid  with  the  sulphuretted 
hydrogen  which  the  subterraneous  lake  disengages.  Even  the 
water  of  this  lake  is  covered  with  a  coat  of  sulphur  which  dis- 
appeared in  the  places  where  we  threw  the  stones.  It  re- 
sults from  these  observations,  that  only  the  presence  of  the 
muriatic  acid,  or  of  combinations  of  this  acid  with  salifiable 
bases,  indicates  a  feeble  analogy  between  the. waters  of  Rio 
Vinagre  and  those  of  the  lakes.  The  first,  which  spring  much 
lower,  at  the  declivity  of  the  volcano  of  Purace,  are  charged 
with  free  sulphuric  acid  ;  the  others,  which  are  found  at  the 
summit  of  the  volcano,  contain  sulphuretted  hydrogen.  As  the 
upper  mouths  are  found  at  very  different  heights  above  the 
level  of  the  sea,  it  may  be  supposed  that  their  subterraneous 
waters  are  owing  to  the  melting  of  ihe  snows,  and  that  they  do 
not  communicate.  The  RiO'  Vinagre  receives  its  acid  in  the 
interior  of  a  volcano  which  abounds  in  sulphur,  aqd  the  tem- 
perature of  which  appears  extremely  elevated,  ahhough  for 
centuries  no  luminous  phenomenon  has  been  perceived  at  its 
summit- 

[To  be  continued, 1^ 


Art.  LI. — Biography  of  Professor  Playfair.     [JVew  JSrfm. 
EncyclopadiaJ] 

John  Platfair  was  the  eldest  son  of  the  Rev.  James  Play- 
fair,  minister  of  the  united  parishes  of  Liffaod  Benvie,  in  the 


Biographjf  ofProfeuor  flayjair.  467 

county  of  Forfar.  He  was  born  at  Benvie,  on  the  10th  of 
March,  1748 ;  and  after  receiving  a  classical  education  under 
the  roof  of  his  father,  he  entered  the  university  of  St  Andrews 
at  the  age  of  fourteen.  At  this  ancient  seat  of  learning  Mr 
Playfair  doon  distinguished  himself  by  the  excellence  of  his^ 
conduct,  as  well  as  the  ardour  of  his  application  ;  and  so  great 
was  his  progress  in  natural  philosophy,  that  Prof.  Wilkie,  (the 
author  of  the  Epigoniad)  who  taught  that  branch  of  knowledge 
in  the  university,  selected  him  to  teach  his  class  during  bis  in- 
disposition. 

Id  the  year  1766,  upon  the  death  of  Mr  Stewart,  Professor 
of  Mathematics  in  Marischal  College,  Aberdeen,  seven  candi- 
dates appeared  for  the  vacant  chair.  Among  these  were  the 
Rev.  Dr  Trail,  Dr  Hamilton,  and  Mr  Playfair.  The  profes- 
sorship was  a  private  foundation,  by  Dr  Liddel,  and  a  clause  in 
the  deed  of  foundation  was  considered  as  a  direction  to  fill  up 
the  vacancy  by  a  disputation  or  comparative  trial.  Dr  Reid 
of  Glasgow,  Mr  Vilant  of  St  Andrews,  Dr  Skene,  of  Maris- 
chal College,  and  Professor  Gordon  of  King's  College,  ac- 
cepted the  office  of  judges  on  this  occasion ;  and  after  a  se- 
vere examination,  which  lasted  for  a  fortnight,  Dr  Trail  was 
appointed  to  the  chair.  Mr  Playfair  was  excelled  only  by 
two,  out  of  six  candidates,  viz.  Dr  Trail  and  Dr  Hamilton, 
who  now  fills  the  same  chair ;  but  when  it  is  considered,  that 
Mr  Playfair  was  two  years  younger  than  Dr  Trail,  the  result 
of  the  election  must  have  been  greatly  affected  by  that  circum- 
stance alone ;  and  Dr  Trail  himself  has  modestly^remarked, 
in  a  letter  to  the  writer  of  this  article,  that  he  has  always  at- 
tributed his  own  success  to  this  disparity  of  years. 
.  In  the  year  1772,  when  the  chair  of  natural  philosophy  be- 
came vacant  by  the  death  of  Dr  Wilkie,  Mr  Playfair  again 
cherished  the  hopes  of  a  permanent  appointment ;  but  his  ex- 
pectations were  it  second  time  frustrated ;  a  disappointment 
which  was  the  more  severe,  as  the  death  of  bis  father  in  the 
same  year  had  devolved  upon  him  the  charge  of  his  mother 
and  her  family.  This  circumstance  appears  to  have  deter- 
mined Mr  Playfair  to  follow  the  profession  of  his  father,  to 
which  he  had  been  educated,  but  which  his  ardent  attachment 
to  mathematical  pursuits  had  induced  him  to  think  of  abaddon- 
ing.  Having  been  presented  by  Lord  Gray  to  his  father's 
living  of  Liff  and  Benvie,  of  which,  however,  he  did  not  ob- 
tain possession  till  August,  1773,  in  consequence  of  a  dispute 
respecting  the  right  of  patronage,  Mr  Playfair  devoted  his 
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time  to  the  duties  of  bis  sacred  office,  to  the  education  of  his 
younger  brothers,  and  to  the  occasional  prosecution  of  bis  own 
favourite  studies*  In  1774  he  went  to  Scheballien,  where  Dr 
Maskelyne  was  carrying  on  his  interesting  experiments  on  the 
attraction  of  the  mountains ;  and  while  he  was  enjoying  the 
acquaintance  of  that  eminent  astronomer,  he  was  little  aware 
that  he  should  himself  contribute,  at  some  distant  period,  to 
the  perfection  of  the  result  which  it  was  the  object  of  this  ex- 
periment to  obtain. 

In  the  year  1777,  Mr  Playfair  communicated  to  the  Royal 
Society  of  London  an  essay  On  the  Arithmetic  of  Impossible 
Quantities^  which  appeared  in  the  Transactions  for  that  year, 
and  which  was  the  first  display  of  his  mathematical  acquire- 
ments. In  this  ingenious  paper,  which  is  strongly  marked 
with  the  peculiar  talent  of  its  author,  Mr  Playfair  bas  pointed 
out  the  insufficiency  of  the  explanation  of  the  doctrine  of  nega- 
tive quantities  given  by  John  Bernouilli  and  Maclaurin,  viz. 
that  the  imaginary  characters  which  are  involved  in  the  ex- 
pression compensate  or  destroy  each  other ;  and  he  has  en- 
deavoured to  show  that  the  arithmetic  of  impossible  quantities 
is  nothing  more  than  a  particular  method  of  tracing  the  affinity 
of  the  measures  of  ratios  and  of  angles,  and  that  they  can 
never  be  of  any  use  as  an  instrument  ctf  discovery,  unless  when 
the  subject  of  investigation  is  a  propeirty  common  to  the  meas- 
ures both  of  ratios  and  of  angles. 

The  late  Mr  Ferguson  of  Raith  having  held  out  to  Mr  Play- 
fair a  very  advantageous  offer  to  superintend  the  education  of 
his  two  eldest  sons,  the  present  Robert  Ferguson,  Esq.  of 
Rahh,  and  Sir  Ronald  Ferguson,  he  was  induced,  in  1782, 
to  resign  his  living  for  this  purpose,  and  we  believe  he  never 
afterwards  exercised  any  of  the  duties  of  the  clerical  office. 

In  the  year  1785,  when  Dr  Adam  Ferguson  exchanged  the 
chair  of  Moral  Philosophy  for  that  of  Mathematics,  which  was 
then  filled  by  Mr  Dugald  Stewart,  Mr  Playfair  was  appointed 
joint  Professor  of  Mathematics,  a  situation  which  had  been  the 
highest  object  of  his  ambition,  and  which  he  was  in  a  peculiar 
manner  qual!6ed  to  fill. 

As  Mr  Playfair  was  a  member  of  the  Philosophical  Society 
of  Edinburgh,  he  became  oo^  of  the  original  fellows  of  the 
Royal  Society  at  its  institution  by  royal  charter  in  1783,  and, 
by  his  services  as  an  office-bearer,  as  well  as  by  his  communi- 
cations as  a  member,  he  contributed  most  essentially  to  pro- 
mote tiie  interests,  and  to  add  to  the  renown,  of  this  distin- 
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gviished  bod^.  His  memoir  On  the  Causes  which  affect  the 
ocoi^rtKy  of  Barometrical  Measurements  was  read  oo  tbe  1st 
March,  17849  &nd  on  tbe  10th  January,  1785.  The  mensu- 
ration of  heights  by  the  barometer  was  involved  in  many  errors. 
M.  De  Luc  had  applied  the  important  correction,  depending 
on  the  temperature  of  the  atmospherical  column ;  but  wfaren 
the  height  was  great,  and  the  difference  of  temperature  at  the 
two  extremeties  of  the  column  considerable,  his  method  of  es- 
timating the  temperature  was  liable  to  considerable  error.  Mr 
Playfair  was  therefore  led  to  give  an  accurate  formula  for  thi^ 
purpose,  and  to  investigate  new  ones,  in  order  to  express  those 
other  circumstances  by  which  tbe  density  of  the  atmosphere  is 
afiected.  The  manner  in  which  be  has  executed  this  task  de- 
serves high  praise,  and  though  the  memoir  is  written  with 
much  perspicuity,  and  contains  many  original  and  sagacious 
views,  it  has  not  been  referred  to,  as  it  ought,  by  those  who 
have  followed  in  the  same  field  of  inquiry. 

On  the  3d  of  April,  1786,  Mr  Playfair  read  to  the  Royal 
Society  a  Biographical  Account  of  the  Rev.  Dr  Matthew  Steu>^ 
MTtj  in  which  he  has  displayed  those  talents  for  elegant  com- 
position for  which  he  was  afterwards  so  highly  distinguished. 

In  the  year  1789,  Mr  Playfair  succeeded  Dr  Gregory  as 
Secretary  to  the  Physical  Class  of  the  Royal  Society  ;  and  as 
Dr  Robison,  who  then  filled  the  office  of  Greneral  Se<^retary/ 
was  unable,  from  indisposition,  to  attend  to  its  peculiar  duties, 
tbe  management  of  tbe  society,  and  the  arrangement  of  its  me- 
moirs for  publication,  devolved  principally  upon  him. 

The  appearance,  in  1787,  of  the  Traite  de  V  Astronomic 
Indienne  et  Orten/o/e,  written  by  M.  Bailly,  the  eloquent  his- 
torian of  astronomy,  attracted  the  particular  notice  of  Mr  Play- 
fair, who  became  a  complete  convert  to  the  fascinating  views 
which  it  contains  respecting  the  antiquity  of  the  Indian  astrono- 
my«  He  was  therefore  desirous  of  presenting  to  bis  country- 
men that  particular  view  of  the  argument  which  had  appeared 
to  himself  the  most  striking,  and  hence  he  was  led  to  compose 
his  Remarks  on  the  Astronomy  of  the  Brahmins^  .which  was 
read  to  the  Royal  Society  on  the  2d  of  March,  1789. 

Mr  Playfair's  next  communication  to  tbe  Royal  Society  was 
his  paper  On  the  Origin  and  Investigation  ofPorisms,  which 
was  read  on  the  2d  of  April,  1792.  Tbe  account  which  he  has 
here  given  of  this  class  of  geometrical  propositions  is  in  every 
respect  philosophical,  and  removes  all  the  difficulties  whbh 
had  been  so  long  attached  to  them.    This  paper,  however 
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contains  only  their  geometrical  analysis ;  and  though  the  alge- 
hraical  investigation  was  promised^ as  a  second  part,  there  is 
no  reason  to  suppose  that  he  ever  prosecuted  the  subject  any 
farther. 

In  the  year  1795,  Mr  Playfair  published  his  Elements  of 
Oeometry,  which  consisted  of  the  first  six  books  of  Euclid, 
with  three  additional  oneti  containing  the  rectification  and  quad- 
rature of  the  circle,  the  intersection  of  planes,  and  the  geome- 
try of  solids,  with  plane  and  spherical  trigonometry,  and  the 
arithmetic  of  sin^s.  The  notes  to  this  work  possess  a  peculiar 
value  ;  and  hence  the  work  itself  has  been  held  in  high  esti- 
mation for  the  purposes  of  elementary  instruction* 

During  the  same  year,  Mr  Playfair  communicated  to  the 
Royal  Society  his  Observations  on  the  Trigonometrical  TaUes 
of  the  Brahmins  ;  and  some  time  afterwards,  on  ther  5th  Feb- 
,  ruary,  1798,  he  read  to  the  same  body  bis  Investigation  of 
certain  Theorems  relative  to  the  Figure  of  the  Earthy  one  of 
the  principal  objects  of  which  was  to  consider  the  advantages 
of  comparing  a  degree  of  the  meridian  with  a  degree  of  the 
circle  perpendicular  to  it,  and  also  with  a  degree  of  the  paral- 
lel of  latitude  by  which  it  is  crossed. 

The  death  of  Dr  James  Hutton  in  the  winter  of  1797,  gave 
a  new  direction  to  Mr  Flayfair's  studies ;  and,  with  some  ex- 
ceptions, rendered  necessary  by  his  professional  occupations, 
the  rest  of  his  life  was  devoted  to  geological  investigations,  or 
to  those  kindred  pursuits  from  which  this  fascinating  study  de- 
rives either  support  or  illustration.  Attached  by  long  ac- 
quaintance and  similarity  of  opinion  to  the  celebrated  author 
of  the  Huttonian  theory,  Mr  Playfair  was  led  by  inclination, 
^s  well  as  by  duty,  to  compose  a  biographical  memoir  of  his 
departed  friend.  Having  been  in  the  daily  habit  of  discussing 
with  Dr  Hutton  the  difficult  questions  which  this  tlieory  in- 
volved, Mr  Playfair  had  acquired  a  more  correct  knowledge 
of  its  principles  than  could  have  been  derived  from  the  wri- 
tings of  its  author ;  and  he  was  therefore  peculiarly  qualified 
to  appear  as  its  illustrator  and  defender. 

After  iive  years'  labour,  Mr  Playfair  produced,  io  1802,  his 
Bhtstrations  of  the  Huttonian  Theory^  in  one  volume,  8vo. ; 
and  on  the  10th  January,  1803,  he  read  to  the  Royal  Society 
of  Edinburgh  his  Biographical  Account  of  the  late  Dr  James 
Button.  These  two  works  added  greatly  to  the  fame  of  their 
author ;  and  whether  we  consider  them  as  models  of  composi- 
tion or  of  argument,  we  cannot  but  regard  them  as  the  produo- 
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tions  by  which  the  name  of  Mr  Playfair  must  be  handed  down 
to  posterity, 

LFpon  the  death  of  Dr  Robison,  in  1805,  Mr  Playfair  was 
elected  General  Secretary  to  the  Royal  Society,  and  be  was 
also  appointed  his  successor  in  the  chair  of  natural  philoso* 
'  phy, — a  situation  which  his  mathematical  acquirements,  and 
his  powers  of  perspicuous  illustration,  rendered  him  peculiarly 
qualified  to  fill.  This- event,  however,  though  in  every  respect 
advantageous  to  himself,  interrupted  in  no  slight  degree  the  pro- 
gress of  his  general  studies.  The  preparation  of  a  course  of  lec- 
tures on  subjects  which  he  had  only  indirectly  pursued,  and  the 
composition  of  his  Outlines  of  Natural  Philosophy,  which  he  con- 
sidered necessary  for  the  use  of  his  students,*  occupied  much  ^ 
of  that  valuable  time  on  which  the  higher  interests  of*  science 
possessed  so  many  claims.  Notwithstanding  these  avocations, 
however,  he  read  to  the  Royal  Society,  in  January,  1807,  hiQ 
paper  On  the  Solids  of  greatest  JlttrUctiont^'^  subject  to  which 
his  attention  had  been  necessarily  directed  during  his  lithologi-^ 
cal  survey  of  Schehallien,  which  he  made  in  conjunction  with 
Lord  Webb  Seymour,  and  of  which  he  has  given  an  account 
in  the  Philosophical  Transactions  for  1811.  The  object  of 
this  survey  was,^to  obtain  an  estimate  of  the  specific  gravity  of 
the  mountain,  in  order  to  correct  the  deductions  of  Dr  Maske- 
lyne  respecting  the  mean  density  of  the  earth ;  and  the  con- 
clusions which  this  survey  authorized,  were  deduced  by  means 
of  the  formulae  investigated  in  the  memoir  already  alluded  to 
on  the  solids  of  greatest  attraction.  The  leading  problem  in 
this  paper  had  been  previously  treated  by  Boscovicb,  and 
also  by  M.  Sylvabelle ;  but  Mr  Playfair  had  never  seen  the 
labours  of  either  of  these  mathematicians. 

On  the  6th  of  March,  1809,  Mr  Playfair  submitted  to  the 
Royal  Society  an  ingenious  paper  On  the  Progress  ofHeaty 
when  communicated  to  Spherical  Bodies  from  their  Centres. 
This  paper  originated  from  an  argument  urged  by  the  late  Dr 
Murray  against  the  fundamental  principle  of  the  Huttonian 
theory. 

In  the  year  1 805,  Mr  Playfair  laid  before  the  Royal  Society 
a  Biographical  Jlccount  of  the  late  John  Robison^  LL.D.  and 
be  left  behind  him  an  unfinished  memoir  of  the  late  John  Clerk 


*  Two  volamM  of  this  truly  valuable  work  appeared  in  1814 ;  the  third 
was  left  uofinishedi  to  the  great  regret  of  all  his  scieDtific  friends. 
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of  Eldin,  the  inventor  of  the  naval  tactics,  which  has  been  pub* 
lisbed  in  the  9th  volume  of  the  Edinburgh  Transactions. 

In  addition  to  the  works  which  bear  Mr  Playfair's  name,  he 
wrote  various  articles  in  the  Edinburgh  Review^  which  he 
never  hesitated  to  acknowledge,  and  some  of  which  have  been 
reprinted  among  his  works.  Of  these  reviews,  three  are  par- 
ticularly memorable,  as  indicating  the  pecuUar  character  of 
Mr  Playfair's  talents,  as  well  as  the  great  versatility  of  his 
powers.  His  analysis  of  the  Micanique  Cileste  of  Laplace, 
while  it  evinces  the  highest  powers  of  composition,  is  at  the 
same  time  one  of  the  choicest  specimens  of  perspicuous  illus- 
tration* His  review  of  Leslie^s  Geometry  (the  ablest,  perhaps, 
that  he  ever  wrote)  is  distinguished  by  a  masterly  argument  in 
one  of  the  most  diiEcult  topics  of  abstract  mathematics,  and 
has  been  no  less  celebrated  for  the  force  and  the  dignity  ef  its 
satire.  The  review  of  Madame  de  Staels  Corinne^  in  the 
same  work,  affords  the  clearest  evidence  that  its  author  was 
equally  fitted  to  shine  in  the  field  of  elegant  Uterature  and  in  the 
walks  of  abstract  science.  Several  other  reviews  from  Mr 
Playfair's  pen  would  have  been  entitled  to  notice  in  a  more 
extended  memoir  of  his  life,  but  those  already  mentioned  have 
been  selected  as  particularly  characteristic  of  his  powers  as  a 
natural  philosopher,  a  profound  mathematician,  and  a  cultiva- 
tor of  the  lighter  branches  of  literature. 

At  the  restoration  of  peace,  in  1815,  Mr  Playfair  under- 
took a  journey  to  the  Continent,  for  the  purpose  of  examining 
the  stupendous  phenomena  presented  in  the  geology  of  the 
Alps,— of  studying  the  recent  effects  of  volcanic  eruptions  in 
Italy,  and  of  developing  those  of  more  ancient  convulsions 
among  the  extinct  volcanoes  of  Auvergne.  Excepting  the 
phenomena  exhibited  in  our  own  island,  which  he  had  perso- 
nally examined,  Mr  Playfair  had  acquired  his  geological  know- 
ledge principally  from  books  ;  and  it  was  therefore  desirable, 
before  the  republication  of  his  favourite  work,  that  his  views 
should  receive  those  modifications  which  the  study  of  nature 
in  her  grandest  forms  could  not  fail  to  suggest.  With  this 
view  he  spent  about  seventeen  months  in  France,  Switzerland, 
and  Italy,  busily  engaged  in  geological  observations  ;  and  he 
returned  to  Edinburgh  in  the  end  of  1816,  eager  to  embellish 
and  complete  the  great  fabric  which  it  had  been  the  business 
.    of  his  life  to  rear. 

Unfortunately,  however,  for  the  Huttonian  School,  Mr  Play- 
fair had  been  urged  to  draw  up  a  dissertation  on  the  progress 
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of  mathematics  and  physics  for  the  Supplement  to  the  Ency- 
clopsdia  Britannica ;  and  the  composition  of  this  paper,  as 
his  nephew  informs  us,  interrupted  the  execution  of  the  second 
edition  of  his  Illustrations.  This  dissertation,  the  first  part 
of  which  Mr  Play  fair  did  not  live  to  finish,  is  marked  with  the 
able  but  now  faultering  hand  of  its  distinguished  author.  In 
the  7(hh  year  of  his  age,  and  haunted  with  the  image  of  his 
unfinished  work,  the  drudgery  of  compilation  must  have  been 
irksome  to  a  mind  less  anxious  than  his,  and  conscious  that  it 
was  exhausting  its  powers  on  an  arena  where  no  laurels  could 
be  gained.  The  history  of  the  mathematical  and  physical  sci- 
ences had  been  already  exhausted  by  the  voluminous  and  pro- 
found labours  of  Montucla.  The  Abh&  Bossut  had  gleaned 
its  choicest  flowers,  and  prepared  them  in  nervous  and  simple 
rhetoric  for  the  taste  of  less  laborious  students ; — ^and  that 
branph  of  the  history  of  physics,  for  which  Mr  Playfair's  tal- 
ents were  peculiarly  adapted,  namely,  the  history  of  astronomi- 
cal discovery,  had  been  illustrated  by  the  brief  yet  powerful 
narrative  of  Laplace,  by  the  rich  and  discursive  eloquence  of 
Bailly,  and  by  the  varied  and  searching  erudition  of  Delam- 
bre.  A  field  thus  pre-occupied,  and  on  which  learning  and 
genius  had  cast  their  richest  offerings,  was  not  likely  to  be 
chosen  by  Mr  Flayfair  for  the  display  of  his  own  powers.  He 
undertook  the  task  to  which  he  had  been  urged  ;  and  that  part 
of  it  which  Providence  allowed  him  to  execute,  he  executed 
with  his  usual  judgment  and  discrimination. 

Some  time  after  his  return  from  the  Continent,  Mr.  Play- 
fair  read  to  the  Royal  Society  a  paper  on  VolcanoBSy  which 
excited  great  interest,  but  which  is  neither  mentioned  in  his^ 
life,  nor  printed  along  with  the  rest  of  his  works.  On  the  3d 
December,  1818,  he  likewise  communicated  to  the  same  body 
bis  Deseription  of  the  Slide  ofAlpnach^  which  has  been  pub- 
lished as  an  appendix  to  his  life.  These  two  communications 
were  an  earnest  of  the  stores  of  valuable  information  which  be 
bad  accumulated  during  his  travels,  and .  which  he  meant  to 
give  to  the  world  in  a  series  of  detached  papers.  His  health, 
however,  had  been  for  some  time  on  the  decline ;  and  in  the 
winter  of  1818-1819,  his  labours  were  often  interrupted  by 
a  severe  attack  of  a  disease  in  the  bladder,  which,  at  his  ad- 
vanced period  of  life,  it  was  not  easy  to  subdue.  An  interval 
of  health  soothed  for  awhile  the  anxieties  of  his  friends )  but 
it  was  only  a  deceitful  precursor  of  the  fatal  attack  which  car- 
ried him  off,  on  the  19tluJuly,  I819|  in  the  72d  year  of  hi^ 
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age.  The  various  public  bodies  with  which  he.  was  connect* 
ed  followed  his  remains  to  the  grave,  and  testified  the  respect 
which  they  cherished  /or  that  rare  union  of  worth  and  talents 
which  marked  the  character  of  this  much  esteemed  and  deep- 
ly lamented  philosopher. 


Ar'T.  LII. — A  J^ew  Demonstration  of  the  Binomial  Theorem. 
By  Warren  Colburn. 

The  celebrated  Binomial  Theorem,  first  invented  by  Sir 
Isaac  Newton,  has  been  demonstrated  by  means  of  the  difier- 
cntial  Calculus.  But  in  this  form  it  is  without  the  reach  of 
a  large  portion  of  students  in  Algebra ;  and  this  mode  of 
demonstration  is  less  satisfactory,  because  it  only  shows  the 
truth  of  it  without  showing  the  reason.  It  has  also  been  dem- 
onstrated algebraically  on  the  principle  of  permutations  and 
combinations.'  This  mode  of  proof  seems  to  show  the  reasoaof 
the  formation,  but  the  reason  appears  very  far  fetched,  and  on 
the  whole  rather  unsatisfactory.  Besides,  it  combines  so  many 
principles,  and  requires  tbem  all  to  be  kept  so  distinctly  in 
view,  that  it  is  very  difficult  for  learners  to  comprehend  it. 

The  following  demonstration,  it  is  believed,  obviates  some 
of  these  difficulties.  It  is  derived  directly  from  the  actual  for- 
mation of  the  powers  by  multiplication.  It  is  also  more  easily 
.  comprehended,  because  it  does  not  require  all  the  parts  to  be 
kept  in  the  mind  at  the  same  time. 

The  manner  of  demonstrating  the  rule  for  finding  the  coef- 
ficients only  is  considered  as  new.  The  rule  itself  is  the  same 
that  has  always  been  given.  The  rules  for  finding  the  sums  of 
the  several  kinds  of  series  are  not  new,  but  the  mode  of  dem- 
onstrating tbem  is  believed  to  be  new. 

Let  a  few  of  the  powers  of  a  +  ir  be  found  and  their  for- 
mation attended  to. 
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(a  +  «)*  = 

a+x 

a*+ax 
ax+x* 

s 

1 

a-fa? 

\ 

{a+xy  = 

a*+2a"ap+iMP* 

a*+3a»a?+3a«a? 
a*x+^a*x^ 

*+ax^ 

(a  +  a?)*=s 

«+4ax»+a?* 

a«+4a*a?+6<i»a? 

*+4a*x*+ax^ 

(a  +  a?)'  =     a'+5a^x+l0a^x*+l0a*x^+Sax^+x'. 

The  law  of  the  formation  of  the  literal  part  is  sufiBciently 
manifest. 

In  each  power  there  is  one  term  more  than  the  number  de-  . 
noting  the  power  to  which  it  is  raised.    The  first  power  con- 
sists of  two  terms,  the  second  power  of  three  terms,  the  third 
power  of  four  terms,  be. 

In  every  power  a  is  found  in  every  term  except  the^Iast, 
and  X  is  found  in  every  term  except  the  first  The  exponent 
of  a  in  the  first  term  is  the  same  as,  the  exponent  of  the  pow« 
er  to  which  the  binomial  is  raised,  and  it  diminishes  by  one 
in  each  succeeding  term. 

The  exponent  of  x  in  the  second  term  is  I,  and  it  in- 
creases by  one  in  each  succeeding  term,  until  in  the  last 
term  it  is  the  same  as  that  of  a  in  the  first  term. 

The  law  of  the  formation  of  the  coefficients  is  not  so  sim- 
ple, though  it  is  not  less  remarkable. 

The  coefficients  of  the  first  power,  viz.  a  +  x,  are  1,  1 ; 
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tliose  of  the  second  power  are  I9  2,  1.  These  are  formed 
from  the  first  as  follows.  When  a  is  muhiplied  by  a,  it  pro- 
duces a'y  and  no  other  term  being  produced  like  it,  there 
is  nothing  added  to  it,  and  it  remains  with  the  same  coeffi- 
cient as  the  a  in  the  multiplicand.  In  multiplying  x  by  a 
and  afterward  a  by  x^  two  similar  terms  are  produced,  having 
the  coefficients  of  the  a  and  oe  in  the  multiplicand,  viz.  1  and 

1  ;  and  the  addition  of  these  forms  the  2.  The  other  1  is 
produced  like  the  first. 

The  coefficients  of  the  third,  power  are  1,  3,  3,  1.  The 
Is  are  produced  from  the  second  power,  as  those  of  the 
second  power  are  produced   from  the  first.     In   multiplying 

2  a  X  by  a,  tlie  term  produced  is  2  a'  x,  having  the  coeffi- 
cient of  the  second  term  of  the  muhiplicand ;  and  in  multi- 
plying a*  by  or,  the  term  produced  is  a*  x^  similar  to  the  last, 
and  having  the  coefficient  1  of  the  first  term  of  the  multipli- 
cand. The  addition  of  the  coefficients  of  these  two  terms 
produces  the  3  before  a*  x.  That  is,  the  coefficient  of  the 
second  term  of  the  third  power  is  formed  by  adding  together 
the  coefficients  of  the  first  and  second  terms  of  the  second 
power.  In  the  same  manner  it  may  be  shown,  that  the 
coefficient  3  of  the  third  term  of  the  third  power  is  formed  by 
adding  together  the  coefficients  of  the  second  and  third  terms 
of  the  second  power. 

The  following  law  will  be  found  on  examination  to  be 
general. 

The  coefficient  of  the  first  term  of  every  power  is  1.  The 
coefficient  of  the  second  term  of  every  power  is  formed  by 
adding  together  the  coefficients  of  the  first  and  second  terms 
of  the  preceding  power.  The  coefficient  of  the  third  term 
of  every  power  is  formed  by  adding  together  the  coeffi- 
cients of  the  second  and  third  terms  of  the  preceding  power. 

The  coefficient  of  the  fourth  term  of  every  power  is  found 
by  adding  together  the  coefficients  of  the  third  and  fourth 
terms  of  the  preceding  power.     And  so  of  the  rest. 

This  law,  though  perhaps  sufficiently  evident  by  inspec- 
tion, may  be  easily  demonstrated. 

Suppose  the  above  law  to  hold  true  as  far  as  some  power 
which  we  may  designate  by  n.  The  literal  part  of  the  nth 
power  will  be  formed  thus. 

a",  a'^^^Xy  a"-*a:«,  a^'^^x^ ao*"*,  a*. 

We  cannot  write  all  the  terms  without  assigning  a  par- 
ticular value  to  n.  We  can  write  a  few  of  the  first  and  last 
The  points  between  show  that  the  number  of  terms  is  inde- 
terminate I   there  may  or  may  not  be  more  than  are  written. 
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Suppose  that  A  is  the  coefficient  of  the  second  term,  B  that 
of  the  third,  &c.  and  let  the  whole  be  multiplied  by  a  -fa?, 
which  will  produce  the  next  higher  power,  or  the  (n-f  l)tb 
po^er. 
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In  this  result  we  observe  that  the  exponents  of  both  a  and* 
on  are  increased  by  1  in  each  term,  and  there  is  still  one  teriA 
without  X  and  another  without  a.  Before  the  terms  of  the 
product  were  added,  there  were  twice  as  many  terms  in  the 
product  as  in  the  multiplicand,  but  they  have  all  united  two 
by  two  except  the  first  and  last.  The  terms  C  o^"^  x^  and 
F  a»  a:"""*  have  not  united  wilb  any  others,  but  it  is  evident 
that  they  would  have  done  so,  if  all  the  terms  could  have 
been  written.  Tliere  is  then  one  more  term  in  this  power 
than  in  the  last. 

The  coefficient  of  the  first  term  is  still  1.  That  of  the 
second  i^  the  sura  of  the  coefficients  of  the  first  and  second 
terms  of  the  multiplicand,  viz.  i  +  A.  That  of  the  third  is 
the  sum  of  the  coefficients  of  the  second  and  third  terms  of  the 
multiplicand,  viz.  A  -f-  B  ;  Sec. 

The  above  formula  shows  that  if  the  law  above  mentioned 
is  true  for  one  power,  it  will  be  so  for  the  next  higher  power. 
We  have  seen  that  it  is  true  for  the  5th  power^  therefore 
it  will  be  true  for  the  6th  ;  being  true  for  the  6th,  it  will  be 
so  for  tlie  7th,  &c. 

Let  the  coefficients  of  several  of  the  first  powers  be  writ- 
ten wit'bout  the  letters,  forming  them  by  the  above  prin>- 
ciple* 

First  observe  that  (a  +a?)^  =  1.- 

Adding  0  to  this  1  gives  1,  and  then  0  again  on  the  other 
side  gives  1.  Hence  we  have  1,  1,  for  the  coefficients  of  the 
first  power. 

Adding  0  to  the  first  1  gives  1 ;  adding  1  and  t  gives  2,  and 
then  1  and  0  are  1 .  Hence  the  coefficients  of  the  second 
power  are  1,  2,  1. 

.  Again,  0+1  =  1;    1+2  =  3;    2  +  1=3;   and  1+0 
=  1.     Hence  1,3,  3,  1,  are  the  coefficients  of  the  third  power.. 

Again, 0  +  1  =  1;  1+3  =  4;  3  +  3  =  6;  3  +  1  =4;  and 
1  +0  =  1.  Hence  1,  4,  6,. 4,  1,  are  the  coefficients  of  the 
fourth  power. 

Again,0+1  =1)  1+4  =  6;  4+6  =  10;  6+4  =  10;  4  + 1 
=  5 ;  and  1+0=1.  Hence  1,  5,  10,  10,  5,  I,  are  the  co- 
efficients of  tlie  5th  power,  &c. 
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The  Coefficients  of  the  first  Ten  Powers. 

1 

1  1 

1         2        1 

13  3         1 

1         4         G         4         1 

1         5       10       10         5        1 

1        .6        15       20        15       6        1 

1       7       21       35       35        21       7       1 

1       8       28       56       70       56       28      8       I 

1       9      36       84      126     126      &4       36      9      1 

1     10    45     120     210     252     210     120     45     10    1 

Here  we  observe  that  the  first  row  of  figures  taken  obliquely 
'downward  is  the  series  of  numbers  1,1,  l,&c. 

The  second  row  is  the  series  of  natural  numbers,  1,  2, 
3,  4,  5,  tic,  whose  differences  are  1. 

The  third  row  is  the  series  1,  ^,  6.,  10,  15,  &c«  whose 
differences  are  the  last  series,  viz.  1,  2,  3,  4,  &z;c. 

The  fourth  tow  is  tlie  series  1,  4,  10,  20,  35,  &;c.  whose  dif- 
ferences are  the  last  series,  viz.  1, 3,  6, 10,  be.  Each  succes- 
sive row  is  a  series,  whose  differences  form  the  preceding  row. 

We  may  observe  farther,  that  the  coefficient  of  the  second 
term  of  any  power  is  the  term  of  the  series  1)  2,  3,  4,  be. 
denoted  by  the  exponent  of  the  power.  That  of  the  second 
power  is  the  second  term  ;  that  of  the  third  power,  the  third 
term  ;  that  of  the  nth  power,  the  nth  terra.  But  this  being  the 
series  of  natural  numbers,  the  number  which  denotes  the  place 
of  the  term  is  equal  to  the  term  itself,  so  that  the  coefficient 
of  the  second  term  will  always  be  equal  to  the  exponent 
of  the  power* 

The  coefficient  of  the  third  term  of  any^  power  is  the  term 
of  the  series  1,  3,  6,  10,  &c.  denoted  by  the  exponent  of  the 
power  diminished  by  1.  That  of  the  third  power  is  the 
second  term,  that  of  the  fourth  power  the  third  term,  that 
of  the  nth  power  the  (n  —  l)th  term,  be. 

The  coefficient  of  the  fourth  term  of  any  power  is  the 
term  of  the  series  1,  4,  10,  20,  be.  denoted  by  the  exponent 
of  the  power  diminisbed  by  2.  That  of  the  fourth  power 
is  the  second  term,  that  of  the  fifth  power  is  the  third  term, 
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that  of  the  nth  power  is  the  (n  —  2^th  terra.  AndT  so  on  as 
we  proceed  to  the  right,  the  place  oi  the  term  to  the  series  is 
diminished  by  1. 

We  may  observe  another  remarkable  fact,  the  reason  of 
which  will  be  manifest  on  recurring  to  the  formation  of  these 
series.  We  shall  take  the  7th  power  for  an  example,  though 
it  is  equally  true  of  any  other. 

The  coefficient  of  the  second  term,  viz.  7,  is  the  sum  of  7 
terms  of  the  preceding  series  I,  1,  1,  Sic.  and  was  in  fact 
formed  by  adding  them. 

The  coefficient  of  the  third  term,  21,  is  the  sum  of  the  first 
six  terms  of  the  preceding  series,  1,  2,  3,  he.  and  was  actu- 
ally formed  by  adding  them,  as  may  be  seen  by  relerring  to 
the  formation. 

The  coefficient  of  the  fourth  terra,  35,  is  the  sum  of  the 
first  five  terms  of  the  preceding  series,  1,  3,  6,  10,  &c.  and 
was  formed  by  adding  them. 

The  same  law  continues  through  the  whole.  If  now  we  can 
discover  a  simple  method  of  finding  the  sums  of  these  series 
without  actually  forming  the  series  themselves,  it  will  be  easy 
to  find  the  coefficients  of  any  power  without  forming  the  pre- 
ceding powers.    This  will  be  our  next  inquiry. 

Summation  of  Series  by  Differences. 

A  series  by  differences  is  several  numbers  arranged  together, 
the  successive  terras  of  which  difier  from  each  other  by  some 
regular  law. 

I  call  a  series  of  the  first  order  that,  in  which  all  the  terms 
are  alike,  as  1,  1,  1,  1,  be.  3,  3,  3,  3,  be.  a,  a,  a,  a,  be. 
In  these  the  difference  is  zero. 

The  sum  of  all  the  terms  of  such  a  series  is  evidently  found 
by  multiplying  one  of  the  terms  by  the  number  of  terms  in 
the  series.  Every  case  of  multiplication  is  an  example  of 
finding  the  sum  of  such  a  series. 

The  sum  «  of  a  number  n  of  terms  of  any  series  a,  a,  a, 
be.  may  be  expressed 

na 

'  =  -' 

When  a  =  1,  it  becomes  »  =  y* 

A  series  in  which  the  terms  increase  or  diminish  by  a  con- 
stant difference,  I  ca|l  a  series  of  the  second  order.  As 
1,  2,  3,  4,  6,  be.  3,  6,  9,  12,  be.  or  12,  9,  6,  3.     A  series  of 
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this  kind  is  formed  from  a  series  of  the  first  order.  The 
differences  between  the  successive  terms  form  the  series  from 
which  it  is  derived. 

At  present  1  shall  examine  only  the  series  of  natural  num- 
bers 1,  2,  3,  4, n. 

This  series  is  formed  as  follows  : 

0  +  1  =  1 

1  +  1=2 
1  +  1  +  1=3 

1  +  1  +  1  +  1  =  4 
1  +  1  +  1  +  1  +  1  =  6  &c 
The   sum  of  any  numbern  of  terras  of  the  series  1,   1, 
li  I9  be.  is  equal  to  the  nth  term  of  the  series  1,  2,  3,  4,  Sic. 
Write  down  two  of  these  series  as  follows  and  add  the 
corresponding  terms  of  the  two  together. 
1,    2,    3,    4,    6 

5,  4,    3,    2,    i 

6,  .6,    6,    6,    6 

1,  2,  3,         4,...(»-.3),(n-2),  (»-l,)     » 

n,      (n  ^1),  (n^2),  (n  .3)  ...  .4,  3,         2,  1 

(n-l-J),  (n+l),  (»i.l),  (n+1).  .  .(n+l),  (n+1),  (n+l),  (n+1) 

The  6th  term  of  the  series  is  6,  and  it  appears  that  5  times 
6  will  be  twice  the  sum  of  5  terms  of  the  series. 

The  (n  +  l)th  term  of  the  series  1,  2»  3,  4,  be.  is  71+  1. 
It  appears  that  » times  (n+1)  will  be  twice  the  sum  of  n  terms 
of  the  series.  • 

The  sum  i'  of  any  number  n  of  terms  may  be  expressed 
thus : 

'  -"T2— 
The  rule  expressed  in   words  is;    To  find  the  sum  of  any 
number  oj  terms  of  the  series  1,  2,  3,  4,  6z:c.  find  the  next  suc- 
ceeding term  in  the  series,  end  multiply  it  by  the  number  of 
terms  tn  the  series,  and  divide  the  product  by  2. 

Formation. 

0+1  =0+1=1 

1+2  =  1  +  2=  3 

1+2  +  3  =  3  +  8=  6 
1+2  +  3+4  =  6  +  4  =  10 
1+2+3  +  4  +  6  =  10  +  6=  15 
1+2+3  +  4  +  6  +  6=  15+6  =  21  &c. 
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The  first  term  of  the  series  1,  2,  3,  &c.  forms  the  first 
term  ;  the  sum  of  the  first  two  terms  forms  the  second ;  the 
sura  of  the  first  three  forms  the  third  term,  &c.  and  the  sura 
of  n  terms  will  form  the  nth  term  of  the  series  1,  3,  6,  10,  &c. 

Let  it  be  required  to  find  the  sum  of  the  first  five  terms  of 
the  series  1,  3,  6,  10,  15,  21,  &c. 

The  sixth  term  of  this  series  is  the  sum  of  the  first  6 
terms  of  the  series  1,  2,  3,'&c, 

1+2  +  3  +  4  +  6  +  6=  i|-I  =  21  =  6thterm^ 

Write  this  series  five  times  one  under  the  other,  and  draw 
a  line  diagonally  so  as  to  leave  on  the  left  and  below,  the 
first  term  of  the  first,  the  first  two  of  the  second,  the  first  three 
of  the  third,  be.  and  the  first  five  of  the  fifth. 

1,\2,     3,     4,     6,     6 
1, 

J, 

1,     2,     3, 

The  figures  so  cut  off  form  the  first  five  terms  of  the  series 
1,  3,  6,  10,  15,  &c.  the  sum  of  which  we  wish  to  find.  It 
will  now  be  shown  that  the  sum  of  the  terms  on  the  right 
-and  above  the  line,  are  equal  to  twice  the  sura  of  those  below 
and  at  the  left. 

By  the  rule  given  above  for  finding  the  sum  of  the  series 
1,  2,  3,  fcc. 

The  sum  of  1  term,  or  1  =  12L?, 

2 

The  sum  of  2  terms,  or  1  +  2  =  ?ili. 

The  sum  of  3  terms,  or  1  +  2  +  3  =  ?  ^  f . 

The  sum  of  4  terms,  orl+2  +  3+-4         =  1^ 


The  sum  of  5  terms,  orl+2+-3+-4  +  5  = 


2 

2    ' 
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Hence     2  (1)  =1X2 

2(1+2)  =2x3 

2  (1+2  +  3)  =?X4 

2  a +  2  +  3  +  4)  =4X5 

2(i+2  +  3  +  4+6)  =  5x6 

That  is,  the  2  is  twice  the    1, 

The  two  threes  are  twice    (1+2), 

Tiie  three  fours  are  twice    f  1  +  2  +  3), 

The  four  fives  are  twice      (1  +2  +  3  +  4),  and 

The  five  sixes  are  twice      (1+2  +  3  +  4+6). 

Since  the  part  below  the  line  forms  the  series  whose  sum  is- 
required,  and  the  part  above  the  line  is  equal  to  twice  that 
below,  both  parts  together  are  equal  to  three  times  the  series^ 
1,  3,  6,  10,  !&•  Therefore  if  ^1,  which  is  the  next  term 
in  the  series,  and  which  is  also  the  sum  of  the  series  1,  2,  3, 
4,  5,  6,  be  multiplied  by  5,  the  number  of  terms  to  be  sum- 
med, and  the  product  divided  by  3,  the  quotient  will  be  the 
sum  of  the  series  required. 

It  is  easy  to  see  diat  if  the  series  1,  2,  3,  ...  (n+  1)  be 
written  n  times  and  divided  by  a  line  like  (he  above,  the  part 
below  the  line  will  form  n  terms  of  the  series  1,  3,  6,  10,  be. 
and  the  part  above  the  line  will  be  equal  to  twice  the  part 
below,  because  the  sum  of  n  terms  of  the  series  I9  2,  3,  S£c. 

Therefore  to  find  the  sum  of  n  terms  of  the  series  1,  3^ 
6,  10,  multiply  the  (n  +  l)th  term  of  that  series  by  n  and 
divide  the,  product  by  3,  and  the  quotient  will  be  the  sum  re- 
quired. 

But  the  (n  +  l)th  term  of  the  series  is  equal  to  the  sum  of 
tt  (+  1)  terma  of  the  series  1,  2,  3,  4,  &c.    The  nth  term 

of  this  series  being  **>    "t    \  the  (n  +  l)th  term  will  be 
'    X  * 

(n  +  l)(n  +  2) 
1X2* 
This  bein^  multiplied  by  n,  the  number  of  terms,  and  di- 
vided by  3,  gives 

n(n  +  l)(n  +  2) 
1X2X3 

Hence  the  sum  <''  of  n  terms  of  the  series  will  be  expressed 
thus, 
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^,^n(n+'l)(n  +  2) 
1X2     X    3 
A  series  of  the  fourth  order  is  qne,  the  difference  of  whose 
terms  is  a  series  of  the  third  order. 

I  shall  at  present  consider  only  the  one  formed  from  the 
series  l,  3,  6,  10,  15,  &£c. 

FormcUion* 

0+  1  =    0+    1  =    1 

1+3  s    1  +    3=    4 

1+3  +  6  =4+6  =  10 

1  -I-  3  _|.  6  +  10  =  10  +  10  =  30 

J  -1-3-1-6+  10+  15  =20+15  =  35 

1  ^-  3  -I-  6  +  10  +  15  +  21  =  35  +  21  =  56 

The  first  terra  of  the  series  1,  3,  6,  kc.  is  the  first  term 
of  the  new  series ;  the  surn  of  the  first  two  terms  forms  the 
second,  be  ;  the  sum  of  n  terms  will  form  the  nth  term  of  the 
new  series. 

It  is  required  to  find  the  sum  of  five  terms  of  this  series. 

The  sixth  term  of  this  series  is  equal  to  the  sum  of  the  first 
six  terms  of  the  preceding. 

1  +  3  +  6  +  10+15  +  21=1^1^-1  =  56. 

Write  this  series  five  times,  one  under  the  other,  and  sepa- 
rate jt  into  two  parts  by  a  line  drawn  diagonally  in  the  same 
manner  as  was  done  with  the  last  series.  The  terms  below 
the  line  will  form  the  series  whose  sum  is  required,  and  the 
terms  above  the  line  will  be  equal  to  three  times  those  below. 
That  is,  the  whole  will  be  four  times  the  sum  required. 

1,    v3,      6,      10,     15,    21 


1,  3,\6,      10,     15,    21 

1,  3,       6,\l0,     15,    21 

1,  3,      6,      lo\l5,    21 

1,  3,      6,      10,     15^^21 
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By  the  rule  given  above  for  findiog  the  sum  of  the  series 

i,  3,  6,  10,  fac. 

1  3 
The  sum  of  one  terra,  or  1  s=-^      =  I. 

The  sum  of  two  terms,  or  1  +  3  =   — -  =  4. 

The  sum  of  three  terms,  or  1  -f  3  +  6      =  -^  =  10. 

The  sum  of  four  terms,  or  1+3+6+10  =  1^^=20. 

Thesumof  five  terms  orl+3+6+lO+15=5J^  =  35. 

The  five  21s  are  3  times    (I  +  3  +  6  +  10  +  16.) 
The  four  15s  are  3  times     (l  +  3  +  6  +  10.) 
and  so  of  the  rest. 

It  is  easy  to  see  that  this  principle  will  extend  to  any  num- 
ber of  terms. 

Therefore  to  find  the  sum  of  n  terms  of  the  series  1,  4, 
10,  20,  &:c.,  multiply  the  (n  +  l)th  term  of  the  series  by  n^ 
S(nd  divide  the  product  by  4,  and  the  quotient  will  be  the  sum 
recmired. 

But  the  (n  +  l)th  term  of  this  series  is  equal  to  the  sum  of 
(n  +  1)  terms  of  the  preceding  series. 
The  nth  term  of  the  preceding  series  being 
n(n  +  l)(n  +  2) 
1X2X3      V 
the  (n  +  l)th  term  will  be 

(n  +  l)(n+2)(n  +  3) 
1X2X3       • 
This  being  multiplied  by  n  and  divided  by  4}  gives 
.^„  _  n(n+l)(n  +  2)(n  +  3) 
1X2     x;    3    X    4 
The   principle  of  summing  these  series  may  be  proved 
generally  as  follows  : 

Let   1,  a,  6,  c,  d I  he  a  series  of  any  order,  such 

that  the  sum  of  n  terms  may  be  found  by  multiplying  the 
(n  +  l)th  term  by  n,  and  dividing  the  product  by  m.  1(1  is 
ttie  (n  +  l)th  term,  and  s  the  sum  of  all  the  terms,  we  shall 
have  by  hypothesis 

s  =  — ,  and  ms  zsnh 
m 
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That  in,  n  I  will  be  m  times  tiae  sum  of  the  series.  The 
next  higher  series  will  be  formed  from  this  as  follows, 

!•»••#  :£=  Ist  term* 

l  +  a =2d    « 

I  J^a  +  b  .        .        .  =  3d    « 

I  +a  +  b  +  c       .        .        .  =  4ih  « 

l4-a  +  6+c  +  rf,        .  =6th« 

l+a  +  fc  +  c  +  rf  + *         =nth  « 

l+a+J-|-c  +  d+. A  +  Z  =  (n  +  Ijth. 

The  first  term  1  of  the  original  series  i,  a,  &,  he.,  forms 
|he  first  term  of  the  Dew  series ;  the  sum  of  the  first  two 
forms  the  second  term  ;  the  sum  of  the  first  three  forms  the 
third  term ;  be.  and  the  sum  of  (»  + 1)  terms  forms  the 
(n  -f  l)th  term. 

Let  the  series  forming  the  (n-fl)tli  term,  be  written  h 
times,  one  under  the  other,  term  for  term.  And  let  a  line  be 
drawn  diagonally,  so  that  the  first  term  of  the  first  row,  the 
first  two  of  the  second  row,  and  n  terms  of  the  nth  row  may 
be  at  the  left  and  beJow  the  line« 

1,  \a,    J,    c,    d,     .     ft,    i 


h    ^\h    c,     rf,      .     ft,    r 


1>    «i    *»\c,    di     .     ft,    i 


I,    a,    6,     c\d,     .     ft,    I 


1,    a,    6>    c,     d\.     ft,    / 


1,    ff)    ft,    c,    dj      .\ft,    / 


1,      CCf      6,      C,      IF,        »        ft»\i 

The  terms  below  and  at  the  left  of  the  line,  form  n  terms 
of  the  new  series. 


By  tfaa  kypothesis 

The  sum  of  one  term,  or  1 


The  sum  of  two  terms,  or  1  +  a 
The  sum  of  three  terms,  or  1  -f-a+*& 


_  l.a 
"^  fn 

f»' 
_3c 
m 

The  sum  of  four  terms,  orl-fa-fft-|*c      =s  —  . 

m 

n  I 
The  sufti  of fi  tftrms,  or  i+a+b+e+d-^..k=:  — . 

Multiplying  both  members  of  the  above  equations  by  m: 
mA  =  Im 

i»(l  +  a  +  i)  =3c 

m(l+a  +  6+c)  =4d 

m(l+a  +  b  +  c  +  d+...k)z=:nL 

Hence  it  appears,  that  a  is  m  times  1 ;  2  i  is  m  times 
(1  +  a) inc. ;  and  nlism times  (I  +a  +  b  +  c+d  +  ....k); 
that  is,  the  part  above  and  at  the  right  of  the  line,  is  m  times 
the  part  at  the  left  and  below  ;  consequently  the  whole,  or  n 
times  the  (n  +  l)th  term  of  the  new  series,  will  be  (m  -f-  1} 
times  the  sum  of  n  ferms  of  tbe  same  series. 

We  have  already  examined  all  the  series  as  far  as  the  fourth 
order,  and  have  found  the  above  hypothesis  true  so  far.  Let 
us  suppose  the  series  1>  cr,  &,  &c.  to  be  a  series  of  tbe  fourth 
order,  in  which  we  have  found  that  the  sum  of  n  terms  may  be 
obtained  by  multiplying  tbe  (n  4'  ^)th  terra  by  »,  and  dividing 
the  product  by  4 ;  in  this  case  m  is  equal  to  4.  The  series 
formed  from  this  wilt  be  a  series  of  the  5th  order,  and 
m-|-l  =  4-)-l=:5.  Therefore  hy  the  above  demonstration 
it  ai^ears  that  tbe  sum  of  »  terms  of  a  series  of  the  5tb  order 
may  be  obtained  by  multiplying  the  (n  -f-  l)th  term  by  n  and 
dividing  the  product  by  5. 

If  now  the  series  1,  a,  6,  fisc.  be  eonsidered  a  series  of  the 
5th  order,  »  =:  5  and  m-^  1  ss6^  Hence  tbe  same  |Nrinci« 
ple  extends  to  the  6th  order. 

If  then  we  continue  to  make  1,  a,  6,  &c.  represent  ode  series 
after  another  in  this  way,  we  shall  see  that  the  principle  will 
extend  to  any  order  whatever  of  this  kind  of  series. 

We  have  ibeii  this  general  rule  ; 

To  find  the  sun  of  n  terms  of  a  series  of  the  order  denoted 
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by  r,  di^rived  from  the  series  1,  1,  1,  be.,  multiply  the 
(n  -f-  i)th  term  of  the  series  by  d  and  divide  the  product  by  t. 

Also,  the  nth  term  of  the  series  of  the  order  r  is  equal  to 
the  sura  of  n  terms  of  the  series  of  the  order  (r  —  1.) 

When  the  series  is  of  the  first  order,  the  sum  of  n  terms  is 

n.l  n 

-   or  J. 

The  sum  of  (n+  1)  terms  of  this  series  is   -^-^« 

This  is  the  (n  -|-  1  )th  term  of  thp  series  of  the  second  order. 
This  multiplied  by  n  and  divided  by  2  gives  the  sum  of  n  terms 
of  the  series  of  the  second  order : 

1X2* 
The  sum  of  (n  -^  1)  terms  of  the  same  series  is   ~ 
(n-H)(n-f2) 

1     X    2     * 

This  is  the  (n  +  l)th  term  of  the  series  of  the  third  order. 
This  multiplied  by  n  and  divided  by  3  gives  the  sum  of  «• 
terms  of  this  series : 

n(ii+l)(n  +  2) 
1X2X3 
The  sum  of  (n  -|-  0  terms  of  the  last  series  is 
(fi  +  l)(n+g)(n  +  3^ 
1X2X3 
This  is  the  (n  -|-  l)th  term  of  the  series  of  the  fourth  order. 
This  multiplied  by  n  and   divided  by  4  gives  the  sum  of  n 
terms  of  the  series  of  the  foAirth  order : 

n(n+l)(n-f2)(n  +  3) 
1X2X3X4 
Hence  for  the  series  of  the  order  r  we  have  this  formula 
n{n+\){n  +  2){n-hS)....{n  +  r^l) 
1  X2    X     3     X     4  X   ....         r 
We  have  examined  only  the  series  formed  from  the  series 
1,  1,  1,  1,  &tc.,  which  are  sufficient  for  our  present  purpose. 
The  principle  may  be  generalized  so  as  to  find  the  sum  of  any 
series  of  the  kind,  whatever  be  the  original  series,  and  what- 
ever be  the  first  terms  of  those  formed  from  it. 

Let  it  now  be  required  to  find  the  7th  power  o(  a  +  x 
The  letters  without  the  coefficients  stand  thus ; 
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The  coefficient  of  the  first  term  as  has  been  observed  k 
always  1.,  That  of  the  second  term  is  7,  the  exponent  of 
the  power,  or  the  7th  term  of  the  series  1,  2,  3,  Sic. 

The  coefficient  of  the  third  term  is  the  sixth  term  of  the 
series  of  the  third  order  1,  3,  6,  10,  Sic.  which  is  the  sum  of 
six  terms  of  the  series  1,  2,  3,  be.  This  sum  is  found  by 
mukiplying  the  7th  terra  of  the  series  by  6  and  dividing  the 
product  by  2.    But  the  7th  term  is  7,  the  coefficient  last  found. 

'-^'  =  21.  ' 
2 

The  coefficient  is  21  • 

The  coefficient  of  the  fourtli  term  is  the  dth  term  of  the 
series  1,  4,  10,  S£c«,  or  it  is  the  sum  of  five  terms  of  the  pre- 
ceding series.  The  sum  of  five  terms  of  the  series  1,  3,  6,  &;c., 
is  found  by  muhiplying  the  6th  term  by  5  and  dividing  the 
product  b.v  3.  The  6th  term  is  the  coefficient  last  found^ 
viz.  21 

»411  =  35. 

The  coefficient  is  35. 

The  coefficient  of  the  fifth  textn  is  the  fourth  term  of  the 
series  of  the  fifth  order  1,  5,  15,  Ssc.,  or  it  is  the  sum  of  4 
terms  of  the  preceding  series.  The  sum  of  4  terms  of  the 
series  1,4,  10,  8zc  is  found  by  multiplying  the  fifth  term  of 
the  series  by  4  and  dividing  the  product  by  4.  The  fifth  term 
is  the  coefficient  last  found,  viz.  35. 

1^  =  35. 

The  coefficient  is  35. 

The  coefficient  of  the  6th  term  is  the  3d  term  of  the  series 
of  the  sixth  order,  which  is  the  sum  of  3  terms  of  the  series 
of  the  5th  order.  The  sum  of  3  terms  of  this  series  is  found 
by  multiplying  the  4th  term  by  3  and  dividing  the  product 
by  5.    The  4th  term  is  the  coefficient  last  found,  viz.  35. 

— 21. 

The  coefficient  is  21. 

The  coefficient  of  the  7th  term  is  the  2d  term  of  the  series 
of  the  7th  order,  which  is  the  sum  of  two  terms  of  the  series  of 
the  6th  order.  The  3d  term  of  this  series  is  the  coefficient 
last  found,  viz.  21. 

!X?l-7 
^  -6 ^- 
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The  coefficient  is  7. 

The  coefficient  of  the  bat  term  is  I,  though  it  may  be 
found  by  the  rule 

Hence  the  7th  power  of  a  -f-  a?  is 

Examining  the  formation  of  the  above  coefficients,  we  ob- 
serve, that  each  coefficient  was  found  by  multiplying  the  coeffi- 
cient of  the  preceding  term  by  the  exponent  of  the  leading 
quantity  a  in  that  term,  and  dividing  the  product  by  the  aum- 
ber  which  marks  the  place  of  that  term.  Thus  the  coefficient 
of  the  third  term  was  found  by  multiplying  7,  the  coefficient 
of  the  second  term,  by  6,  the  exponent  of  a  in  the  second 
term,  and  dividing  the  product  by  2,  the  number  which  marks 
the  place  of  the  second  term.  This  will  be  true  for  all  cases, 
because  that  exponent  must  necessarily  show  the  number  of 
terms  of  which  the  sum  is  to  be  found  ;  the  coefficient  will 
always  be  the  term  to  be  multiplied,  because  the  number  of 
terms  always  diminishes  by  1  for  the  successive  coefficients, 
«nd  the  place  of  the  term  always  marks  the  order  of  the 
series  of  which  the  sum  is  to  be  found. 

Hence  is  obtained  the  following  general  rule, 

Knomng  Ae  coefficient  of  any  term  in  the  power^  the  coeffi" 
€iefU  of  the  succeeding  tern  ie  found  by  mulHplyinff  the  coeffi^ 
cient  of  the  known  term  by  the  exponent  of  the  leadmg  qwmtiiy 
in  that  term^  and  dividing  the  product  by  the  number  tohicn 
marks  the  place  of  that  term  from  the  first. 

The  coefficient  of  the  first  term,  being  always  1,  is  always 
known.  Therefore,  beginning  with  this,  all  the  others  may 
be  found  by  the  rule. 

It  may  be  farther  observed,  that  the  coefficients  of  the  last 
half  of  the  terms,  are  the  same  as  those  of  the  first  half  in  an 
inverted  order.  This  is  evident  by  looking  at  the  formation  of 
the  coefficients  shown  above,  and  observing  that  the  series  are 
the  same,  whether  taken  obliquely  to  the  left  or  to  the  right. 

It  is  also  evident  from  this,  that  a  +  x  is  the  same  as  a:  +  a, 
and  that,  taken  from  ri^ht  to  left,  x  is  the  leading  quantity  in 
the  same  manner  as  a  is  the  leading  quantity  from  left  to  right. 

Hence  it  is  sufficient  to  find  coefficients  of  one  imlf  of  the 
terme  when  the  number  of  terms  is  even,  and  of  on«  moce 
than  half  when  the  number  is  odd.  The  same  coefficiests 
may  then  be  written  before  the  corresponding  terms  counted 
from  the  right. 
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In  the  above  example  of  the  6ih  power,  the  coefficients  of 
the  first  four  terms  being  found,  we  may  begin  on  the  right 
and  put  6  before  the  second,  and  15  before  the  third,  and  then 
the  power  is  complete. 

The  rule  for  finding  the  coefficients  of  the  powers  of  bino- 
mials may  be  derived  and  expressed  more  generally  as  follows  : 

It  is  required  to  find  the  coefficients  of  the  nth  power  o(a-^x. 

It  has  already  been  observed,,that 'the  coefficient  of  the 
second  term  of  the  nth  power'  is  the  nth  term  of  the  series 
of  the  second  order,  1,  2,  3,  &C.  or,  tiie  sum  of  n  terms  of 
the  series  1,  1,  1,  &c.;  that  the  coefficient  of  the  thir^l  term 
is  the  sum  of  (n—- 1)  terms  of  the  series  of  the  second  order; 
that  the  coefficient  of  the  fourth  term  is  the  sum  of  (n—  2) 
terms  of  the  series  of  the  third  order  be.  So  that  tlie  coeffi- 
cient of  each  term  is  the  sum  of  a  number  of  terms  of  the  series 
of  the  order  less  by  one,  than  is  expressed  by  the  place  of  the 
term ;  and  the  number  of  terms  to  be  used  is  less  by  one 
for  each  succeeding  series. 

The  sum  of  n  terms  of  the  series  1,  1,  1,  is    .    The  sum 

of  (it—- 1)  terms  of  the  series  of  the  second  order  is 

1X2' 
The  sum  of  (n  —  2)  terms  of  the  series  of  the  third  order  is 
n(n— l)(n  — 2) 
1X2X3 

Hence  (a  +  ^)«==a«  +  7  a-^ar  +  ^J^S::^  a"-««» 

^  1X2  X  ^  ^ 

It  may  be  observed  that  n  is  the  exponent  of  a  in  the  first 

term,  and  that  n  or  its  equal  -   forms  the  coefficient  of  the 

second  term. 

The  coefficient  of  the  third  term  is  -  TnoltipTied  by  — —  , 

or  multiplied  by  (n — 1)  and  divided  by  2.  But  (n —  1)  is  the 
exponent  of  a  in  the  2d  term,  and.  2  marks  the  place  of  the 
second  term  from  the  left.  Therefore  the  coefficient  of  the 
third  term  is  found  by  multiplying  the  coefficient  of  the  second 
term  by  the  exponent  of  a  in  that  term,  and  dividing  the  pro- 
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duct  by  the  number  which  marks  the  place  of  that  term  froos 
the  left. 

By  examiaiog  tlie  other  terms,  the  following  general  rule 
i9  obtained* 

Multiply  the  coefficient  of  any  term  by  the  exponent  of  the  • 
leading  quantity  in  that  term^  and  divide  the  product  by  the 
number  that  marks  the  place  of  that  term  from  the  lefty  andyou 
will  obtain  the  coeffi^nt  of  the  next  succeeding  term.  Then 
diminish  the  exponent  of  the  leading  quantity  by  1  and  increase 
that  of  the  other  by  1,  and  the  term  is  complete. 

By  this  rule  only  the  requisite  number  of  terms  can  be  ob- 
tained. For  X^,  which  is  properly  the  last  term  of  (a  +  jr)*, 
is  the  same  as  a^  a".  If  wis  attempt  by  the  rule  to  obtain 
another  term  from  this,  it  becomes  0  x  a'^^JC*^^  which  is 
equal  to  zero. 

It  has  been  remarked  above,  that  the  coefficients  of  the 
last  half  of  the  terms  of  any  power,  are  the  same  as  those  of 
the  first  reversed.  This  may  be  seen  from  the  general  ex- 
pression : 

If  n  =  7,  then  r  =  7  ;  — ;r—  =  x ;  — : —  =   -  ; 
J  11*2  2^3  3* 

n  — 3    _  4     _  n— 4    _  3     n— 6    _  2 

4        -  4     ""    *'      ~r     "^  6^  "T"    •"  6^ 
n  — 6    _    1 

This  furnishes  the  following  fractions,  viz. 

h  h  h  i,  h  h  h 

The  first  of  these  is  the  coefficient  of  the  second  term  i 
the  coefficient  of  the  second  multiplied  by  |  forms  the  co- 
efficient of  the  third  term  be. 

^  X  I  =  21.  21  X  1  =  35. 
,  Now  35  multiplied  by  ^  =  1  will  not  be  altered ;  hence 
two  successive  coefficients  will  be  alike.  21  multiplied  by 
i  produced  35 ;  so  35  multiplied  by  |  must  reproduce  21. 
In  this  way  all  the  terms  will  be  reproduced  ;  for  the  last 
half  of  the  fractions  are  the  same  as  the  first  half  inverted. 

This  demonstration  of  tlie  Binomial  is  longer  in  its  present 
form  than  that  of  Lacroix ;  but  if  this  were  expressed  in  as 
abstract  and  as  concise  a  manner  as  his,  its  length  would  not 
be  so  long  as  his. 
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1         _  *■ 

Art.  LTIl. — An  account  of  the  Passage  of  Water  through  an 
Aqueduct  being-  totally  obstructed  by  collections  of  Air  ;  and 
on  the  Equilibrium  of  different  fluids  in  bent  tubesM  By  D. 
Treadwell.  . 

A  LEAD  pipye,  having  a  berc  an  inch  aad  a  half  in  diame- 
lci\  was  laid  from  a  well  in  Roxbiiry  to  the  raills  at  the  water 
works  on  the  Boston  mill-dam  for  the  purpose  of  supplying  the 
workmen,  who  carry  on  the  various  man-ufactori^s  erected  on 
ihe  mill-dam,  arid  their  families,  with  fresfa  water.  The  suF" 
face  of  the  water  in  the  well  was  found  by.  a  survey  to  be 
somewhat  higher  than  any  of  -the  ground  through  which 
the  aqueduct  passed  The  whole  length  of  the  aqueduct  was 
about  6000  feet,  and  its  general  course  was  through  a  salt 
marsh  ;  in  its  way,  however,  it  passed  under  the  bed  of  two 
creeks,  which  may  be  taken  at  12  feet  deep,  each,  and  near 
its  termination  it  descended  from  the  marsh  to  the  bed  of 
the  bay^  on  which  the  mill-dam  is  built.  It  was  laid  about 
three  feet  beneath  the  surface  of  the  marsh,  and  opened  into  a  . 
reservoir  at  the  city  mills  four  feet  below  the  level  of  the  sur- 
face  of  the  water  in  the  fountain  welL 

After  completing  the  aqueduct  and  opening  it  into  the  well, 
it  was  found  that  not  a  drop  of  water  would  run  through  iu 
As  it  was  known  that  there  were  do  mechanical  obstructions 
in  the  pipe,  it  was  thought  not  a  little  anomalous  that^  the  wa* 
^er  should  not  pass  through  it. 

In  this  state  of  things  I  was  requested,  by  those'  interested 
in  the  aqueduct,  to  consider  the  circumstances,  and  endeavour 
xo  procure  a  passage  of  the  water.  When  the  exact  condi- 
tion of  the  aqueduct  was  taken  into  consideration,  I  perceived 
that  the  water  let  into  it  might  have  made  such  ah  arrange- 
ment, in  relation  to  the  air  with  which  the  pipe  was. previous- 
ly full,  as  to  obstruct  wholly  its  passage.  For  let  uis  suppose  in 
*  e  annexed  figure,  A  B  to  represent  a  pipe  open  throughout  its 


I 


length,  but  its  sides  being  perfectly  tight,  and  having  the  sev- 
MBraT  vertical  flexures  here  represented,  and  let  it  be  required 
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to  pass  water,  or  any  heavj  fluid,  through  it  in  the  direction 
from  A  to  B,  the  end  A  being  elevated  the  distance  a  b  above 
B,  c  cl  being  a  horizontal  line.  It  is  evident  that  the  water 
being  let  into  the  end  at  a  will  pass  and  fill  the  pipe  to  e,  dis- 
placing all  the  air  with  which  the  pipe,  being  open  to  the  at- 
mosphere, was  previously  full.  Flowing  over  the  curvature 
c  in  a  stream  or  column  less  than  the  bore  of  the  pipe,  it  fills 
the  curvature  at  /  without  displacing  the  air  previously  con- 
tained in  the  descending  section  from  e  to/.  This  air  is  thus 
shut  up,  and  cannot  pass  from  the  pipe  in  any  direction  with- 
out passing  under  the  water,  which,  from  its  inferior  specific 
gravity,  is  impossible.  The  water,  continuing  to  flow  over 
the  flexure  e,  rises  from  /tog,  and  flowing  over  this  flexure 
the  same  thing  is  repeated,  as  to  the  air  from  g  to  h,  which 
took  place  at  the  flexures  c  and/.  Rising  from  h  until  it  at- 
tains some  point,  t  for  example,  at  which  the  sum  of  the  per- 
pendicular neights  of  the  ascending  columns  c  e,  fg^  &c.  is 
equal  to  the  height  of  the  column  a  b.  That  is,  if  we  sup- 
pose the  air  to  be  un-elastic  and  void  of  weight,  but  as  this  is 
not  true  in  fact,  the  air  will  be  condensed  in  a  greater  or  less 
degree  according  to  its  volume  and  the  height  of  the  columns 
of  water  opposed  to  it.  In  consequence  of  this  condensation, 
the  water  will  rise,  as  shown  in  the  figure,  to  k  and  w  for  ex- 
ample, and  the  weight  of  these  columns  being  added  to  the 
effective  force  of  the  coluflin  a  6,  produces  a  rise  of  the  water 
to  some  point,  n,  in  the  flexure  h  n.  There  is  then  a  perfect 
equilibrium  in  the  opposing  forces,  and  the  water  can  flow  no 
farther.     This  equilibrium  may  be  expressed  generally  by 

ab  -^  cd  =& c 
in  which  a  is  the  perpendicular  height  of  the  water  in  all  the 
descending  flexures ;  i  its  density;  c  the  perpendicular  height 
of  all  the  inclosed  air ;  d  its  mean  density ;  and  e  the  perpen- 
dicular height  of  all  the  ascending  columns  of  water. 

Several  writers  on  Hydrodynamics  have  noticed  the  obstruc- 
tion which  air  often  presents  to  the  passage  of  water  in  bent 
tubes ;  but  in  the  works  that  1  have  had  an  opportunity  of 
consulting,  the  authors  appear  to  regard  the  air  as  collecting 
in  the  high  parts  of  the  tube,  and  partially  closing  its  bore, 
thus  diminishing  without  totally  obstructing  the  discharge. 
This  is  quite  different  from  the  effect  of  the  arrangement 
which  I  have  attempted  to  explain.  Those,  however,  who 
are  ^acquainted  with  this  subject  will  recollect  the  Zurich  ma- 
chine for  raising  water,  invented  i^iany  years  since,  as  owing 
its  efficacy  to  an  arrangement  which  the  air  and  water  take 
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m  a  spiral  tube,  verj  similar  to  that  stated  ini  the  preceding 
part  of  this  paper. 

As  the  aqueduct  at  the  mill-dam  was  more  or  less  bent 
through  its  whole  course,  the  flexures  being  considerable  at 
the  creeks  under  which  it  passed,  it  appeared  to  me  certain 
that  it  was  partly  filled  with  air,  ana  that  this  alone  inter- 
rupted the  flow  of  water.  On  opening  small  holes  into  it  in 
several  places,  air  rushed  out  in  great  quantity ;  still,  howev- 
er, the  water  did  not  flow  at  the  reservoir,  and  as  it  was  im- 
possible to  get  at  the  bendings  in  every  part  of  the  pipe  with- 
out the  labour  of  uncovering  it  wholly,  the  design  of  freeing 
it  from  air  by  piercing  it  with  small  holes  was  suspended.  A 
forcing  pump  was  then  coupled  to  the  upper  end  of  the  pipe, 
and  water,  which  had  been  heated  in  the  worm  tube  of  a  dis- 
til house,  in  the  vicinity,  was  forced  into  it.  The  pump  was 
furnished  with  a  valve  loaded  with  a  weight  equal  to  a  col- 
umn of  water  80  feet  high,  and  a  very  small  opening  made 
from  the  aqueduct  into  the  reservoir  at  the  mills,  so  that  the 
water  passing  slowly  through  the  whole  length  of  the  aque- 
duct was  there  discharged.  The  object  of  this  apparatus  was 
to  produce  an  absorption  of  the  air  by  bringing  it  in  contact, 
under  heavy  pressure,  with  water  which  had  parted  with 
some  of  its  air  by  being  heated;  as  these  conditions  are 
known  to  be  favourable  to  the  absorption  of  air  by  water. 
The  pumping  was  continued  about  ten  days,  and  the  quanti- 
ty of  water  used  may  be  taken  at  20  hogsheads ;  when  the 
pump  was  taken  on,  and  the  aqueduct  opened  into  the 
fountain.  The  water  was  then  found  to  flow  at  ihe  reservoir, 
discharging  as  much  as  was  due  to  the  head.  This  discharge 
has  continued  uninterruptedly  to  the  present  time,  about  five 
months.  There  can  be  no  doubt  but  much  air  was  absorb- 
ed, its  presence  in  -the  aqueduct  being  indicated,  when  the 
pumping  was  commenced,  by  its  throwing  a  stream  of  water 
out  of  the  pipe,  on  which  the  loaded  valve  was  placed,  when- 
ever the  weight  was  removed  from*  the  valve.  The  quantity 
of  water  thus  thrown  back  was  much  too  great  to  have  been 
produced  from  the  elasticity  of  the  water  or  the  lead  pipe, 
and  it  diminished  daily,  having  almost  ceased  before  the  pump 
was  taken  ofi*. 
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Influence  of  Copper  on  the  Mc^netic  Needle. — At  the  sittingr 
ef  the  Royal  Academy  of  Sciences,  at  the  Institute,  on  JMon^ 
day,  the  7th  of  March,  M.  Arago  made  an  important  com- 
munication to  the  Academy  on  the  subject  of  a  curious  and 
valuable  discovery  recently  made  by  him  relative  to  the  inr 
fluence  of  capper  over  the  movements  of  the  magnetic  needle* 
91.  Arago  had  already  communicated  to  the  Academy,  ia 
November  last,  the  discovery  that  the  number  of  oscillations 
made  by  the  needle  in  returning  to  itK  proper  direction  after 
it  had  been  removed  from  it,  may  be  considerably  diminished 
by  means  of  a  copper  ring,  that  metal  producing  exactly  the 
same  effect  on  the  oscillations  of  the  needle,  as  would  result 
from  its  immersion  into  a  liquid.  This  fact  is  so  very  evident 
and  remarkable,  that  it  is  surprising  how  it  so  long  escaped 
the  observation  of  scientific  men.  M.  Arago  is  now  enabled 
to  show,  in  a  new  light,  the  influence  which  copper  exercises 
over  the  magnetic  needle.  This  he  has  succeeded  in  doing, 
by  causing  that  action  wbich  was  before  a  retarding  action^ 
to  become,  in  its  turn,  an  impelling  action.  This  requires  ex- 
planation. As  there  is  no  action  in  Nature  without  reaction, 
if  a  copper  cylinder  in  a  fixed  position  is  capable  of  acting  oii 
a  needle  when  in  motion,  we  may  be  certain  that,  by  a  recip- 
rocal influence,  the  cylinder,  if  it  be  rendered  moveable,  will 
act  upon  the  needle  when  stationary.  But  the  question  was, 
to  ascertain  the  laws  of  that  action,  and  how  it  was  liable  to 
be  modified  in  proportion  to  the  bulk  or  distance  of  the  objects, 
which  M.  Arago  has  succeeded  in  demonstrating  by  means 
of  a  piece  of  clock-work  made  entirely  of  copper,  and  which, 
when  it  is  put  in  motion,  causes  to  turn  with  considerable  ra- 
picJitv  a  magnetic  needle,  which  is  placed  above  it,  and  sepa- 
rated from  it  by  glass  plateB,  m  such  a  manner,  as  to  remove 
all  cause  of  error  arising  from  the  influence  of  the  external 
air.  Copper  is  not  the  only  substance  that  has  the  property 
in  a  greater  or  less  degree.  This  fact  had  been  already  as- 
certained in  some  degree  by  Coulomb.  That  celebrated 
academician  had  been  led  to  the  discovery  by  a  succession 
of  experiments,  which,  however,  did  not  appear  to  him  suffi- 
ciently conclusive  to  decide  him  to  make  them  public ;  the 
more  so ,  as  they  were  strongly  contested  by  several  distin- 
guished men  of  science.  \\  hat  Coulomb  left  undetermined, 
M.  Atago  has  succeeded  in  proving  in  the  most  evident  and 
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sfetrsfaclory  manner;  for  in  addition  to  the  oscillations  just  men- 
tioned, he  has  effected  an  angular  deviation  of  two  minutes  in 
the  needle.  It  is  impossible  to  raise  any  doubt  on  this  pointy 
for  he  has  calculated  the  deviation  by  means  which  would 
have  enabled  him  to  distinguish  any  deviation,  even  not  ex- 
ceeding that  of  a  few  seconds.  These  discoveries  of  M.  Axa- 
go  are  not  only  curious  in  themselves,  but  they  are  capable 
of  being  rendeted  of  great  utility.  In  the  first  place,  they 
afford  a  means  of  avoiding  the  errors  which  were  necessarily 
committed  by  those,  who,  in  order  to  ascertain  the  magnetic 
intensity  of  the  earthy  had  occasion  to  make  use  of  compasses,, 
in  which  the  needle  was  surrounded  by  .a  copper  ring:  sec- 
ondly,  they  afford  a  means  of  remedying  the  disadvantages 
resulting  from  the  mode  of  suspension  of  the  magnetic  neeSe, 
adopted  in  those  instruments  which  are  desired  to  be  render* 
ed  very  sensible.  Since  the  improvements  introduced  by 
Coulomb,  the  needle  has  been  suspended  by  an  untwisted 
silken  thread,  and  then  left  to  itself.  It  is  clear  that  a  needle 
suspended  in  this  manner  possesses  a  perfect  power  of  motion, 
but  that  very  power  of  motion  presents  the  serious  disadvan- 
tage of  prolonging  the  oscillations  in  an  embarrassing  manner, 
so  much  so,  as  to  render  it  sometimes  necessary  to  wait  for 
twenty-four  hours  before  the  needle  becomes  perfectly  steady. 
This  valuable  c^^scovery  of  M.  Arago  furnishes  a  certain  means 
of  putting  a  sufiiciently  speedy  stop  to  the  oscillations  of  the 
needle,  by  means  of  a  copperplate  properly  fixed  to  the  in- 
strument, and  that  without  changing,  in  the  slightest  degree^- 
the  definite  direction  of  the  needle.  It  will  ^Iso  be  possible, 
by  the  same  means,  to  diminish  the  oscillations  caused  in  the 
needle  by  the  motion  of  the  sea,  and  consequently  to  make* 
magnetic  observations  even  when  the  sea  is  strongly  agitated  5 
an  advantage  which  has  been  for  a  long  time  past  a  great  obr, 
ject  of  desire,  but  which  has  hitherto  been  sought  for-  in 
vain. — Lond»  Lit.  Gaz. 

New  Method  of  Bleaching  Flax  and  Hemp.^ — The  flax  and 
hemp  being  broken  and  cleaned,  and  laid  in  bundles  of  less 
than  a  fwund  weight,  are  to  be  immersed  for  six  hours  in  a 
solution  of  slaked  lime,  of  the  consistency  of  white  wash. 
When  the  lime  is  discharged  from  the  fibres  by  clean  water, 
the  flax  is  then  to  be  boiled  in  water,  with  about  4  oz.  of  pot 
or  pearl  ashes,  for  nearly  six  hours,  fresh  water  being  sup- 
plied w^hen  necessary. 

During  the  process  of  boiling,  the  flax  must  be  taken  out 
and  put  back  into  the  alkaline- solution,  to  disturb  its  colour* 
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ing  matter,  and  when  it  is  sufficiently  boiled,  it  will  feel  slip- 
pery between  the  fingers.  It  is  now  to  be  washed  in  clean 
water,  and  again  put  into  a  solution  of  lime  as  before,  repeated 
agitation  being  employed*  Jt  may  now  remain  in  the  solu- 
tion at  rest  for  six  hours,  and  when  it  is  washed  with  clean 
water,  the  fibre  will  be  left  pure,  but  witli  a  slight  yellow 
tinge. 

In  order  to  remove  this  tinge,  plunge  the  flax  in  a  weak 
solution  of  sulphuric  acid  and  water,  and  after  keeping  it 
there  for  three  hours,  it  will  be  found  to  be  of  a  pure  white, 
and  when  passed  through  the  hackle  is  ready  for  use. — Lond* 
Jouu  Arts* 

A  Singular  Scintillation  of  the  Stars. — On  Sunday  the  12th 
Oct.  1823,  at  4,  A.M.  Baron  Zach  {Corr.  Astron.  vol.  ix. 
p.  30l)  observed  at  Genoa  a  very  remarkable  scintillation  of 
the  stars,  which  astonished  all  who  siw  it.  The  stars  seem- 
ed to  throw  out  sparks  and  jets  of  flame  w4th  surprising  ra- 
pidity and  vivacity.  The  same  effects  were  seen  by  every 
person,  and  also  through  an  acl;romatic  opera  glass,  so  that 
the  phenomenon  must  have  had  its  origin  in  the  atmosphere, 
and  was,  we  think,  owing  to  a  want  of  homogeneity  in  the 
aerial  medium,  similar  to  what  takes  place  in  mixing  alcohol 
and  water. 

Baron  Zach  observed  another  very  curious  fact,  which 
surprised  him  more  than  the  preceding  phenomenon.  When 
the  observer  fixed  his  eye  stea  lily  upon  any  star,  its  scintil- 
lations became  more  settled  and  tranquil ;  but  the  stars  seen 
at  the  corner  of  the  eye,  or  by  indirect  vision,  became  more 
disorderly  or  rapid  in  their  scintillations.  Baron  Zach  statrs, 
that  he  has  sought  in  vain  all  our  works  on  optics  for  an  ex- 
planation of  this  effect. 

The  laws  of  indirect  vision,  upon  which  this  curious. fact 
depends,  have  been  investigated  and  explained  by  Dr  Brews- 
ter, in  a  paper  on  the  Eye,  read  before  the  Royal  Society, 
Edinburgh,  3d  Dec,  1822.  In  that  paper  he  has  shown,  that 
bodies  seen  by  indirect  vision  alternately  vanish  and  re-ap- 
pear, even  when  seen  with  both  eyes ;  and  that  they  assume 
colours  different  from  their  natural  ones,  certain  colours  van- 
ishing in  preference  to  others.^ — Brewster^s  Jour. 

Musical  Thrush  of  Brazil. — We  first  observed  in  these 
woods  the  notes  of  a  greyish-brown  bird,  probably  a  thrush, 
which  frequents  the  bushes  and  ground  in  damp  low  woods, 
and  sings  with  numerous  repetitions  through  the  musical  scale, 
fp9m  H*  to  A*  (of  the  German  scale),  so  regularly,  that  not  a 
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single  note  is  wanting.  It  commonly  sings  each  note  four 
or  live  times  over,  and  then  proceeds  imperceptibly  to  the 
following  quarter  lone.  It  is  usual  to  deny  to  the  songsters 
of  the  American  forest  all  melody  and  expression,  and  to  al- 
low them  no  preeminence  but  splendour  of  plumage.  But  if, 
in  gV  ncral,  the  pretty  natives  of  the  torrid  zone  are  more  dis- 
tinguished by  the  beauty  of  their  colours  than  by  fulness  and 
pov  er  of  note,  and  seem  inferior  to  our  nightingale  in*  clear* 
ness  and  melodiousness  of  tone,  yet  this  little  bird,  among 
others,  is  a  proof  that  they  are  at  least  not  destitute  of  the 
principles  of  melody.  How  far  the  musical  improvement  of 
man  has  already  had  an  influence  on  the  notes  of  birds,  re- 
mains an  interesting  subject  for  physiological  inv.esti^ation. 
It  is  at  least  inconceivable,  that  when  the  almost  inarticulate 
tones  of  a  degenerate  race  of  men  no  longer  resound  in  the 
woods  of  Brazil,  many  of  the  feathered  songsters  will  also 
produce  more  refined  melodies.-.— JUartm  and  Spix^s  Traock 
in  Brazil. 

Dr  Henry^s  Method  of  Testing  Jsfitrous  Oxide  Gas. — Let.  a 
given  volume  of  nitrous  oxide  be  exploded  with  a  slight  ex- 
cess of  carbonic  oxide  of  known  purity,  c  g,  1 10  or  1 15  meas- 
ures of  the  latter  to  100  of  the  former.  Now,  as  each  volume 
of  real  nitrous  oxide  ^ives,  under  these  circumstances,  an 
equal  volume  of  carbonic*  acid,  we  may  impute  whatever  car- 
bonic acid  is  deficient  of  that  proportion,  to  the  mixture  of  so 
much  nitrogen  with  the  nitrous  oxide.  If  using,  e  g,  an  excess 
of  carbonic  oxide,  there  results  from  100  measures  of  nitrous 
oxide  only  95  of  carbonic  acid,  we  may  safely  consider  the 
nitrous  oxide  to  be  contaminated  with  5  per  cent,  of  nitrogen 

f;a8.     Any  nitrous  gas  may  be  previously  separated  by  a  so- 
ution  of  green  sulphate  of  iron.— Manchester  Mem.  vol.  iv. 

Brown'^s  Gas  Vacuum  Machine. — The  object  of  this  engine, 
as  its  name  implies,  is  to  obtain  power  by  means  of  the  vacu- 
um created  by  the  combustion  of  inflammable  gas.  It  is  well 
known  in  mechanics,  that  a  vacuum,  in  whatever  way  pro- 
duced, forms  the  source  of  great  mechanical  power.  Mr 
Brown  proposes  to  create  a  speedy  vacuum  by  means  of  the 
combustion,  for  example,  of  coal  or  oil  gas^  a  gas-burner  be- 
ing lighted  within  the  cylinder,  and  allowed  to  consume  the 
internal  air,  part  of  which  it  condenses  into  water.  Now,  ad- 
mitting that  tnis  plan  is  practicable,  and  that  the  machinery 
which  Mr  Brown  has  described  could  be  made  to  work  with 
eflfect,  let  us  see  what  would  be  the  expense  of  this  power. 
Coal-gas  sells  in  England  at  1 2^.,^  oil-gas  at  40s. ;  take  the 
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Oil-gas,  then,  and  suppose  that  every  cubic  fool  of  this  gas  is  ca- 
pable of  creating  an  equal  space  of  vacuum, — a  circumstance 
which  is  by  no  means  proved  even  to  half  the  extent ;  but  let 
this  advantage  be  set  against  the  raising  of  its  !ivater  of  con- 
densation, and^ther  impediments  which  the  steam-engine  maj 
iiave  to.  encounter  ;  and  suppose  that  a  steam-engine  con- 
sumes 20  feet  of  steam  per  minute  for  every  horse-power, 
which  will  he  found  near  the  truth;  then  by  the  same  rule,  a 
gas-engine  would  consume  the  same  quantity,  which  is  equal 
to  12.000  feet  per  day,  and  would  cost  therefore  £7.  45.  per 
horse-power,  for  gas  alone.  Such  a  sum,  however,  would 
maintain  at  least  30  horses,  and  this  consideration  alone  is 
-sufficient  to  prove  that  the  engine  has  no  chance  of  success, 
let  its  mechanism  and  operations  be  ever  so  perfect ;  unless, 
indeed,  it  can  be  shewn,  that  every  cubic  foot  of  gas  is  capa- 
ble of  creating  30  cubic  feet  of  vacuity,  instead  of  only  half 
-a  foot,  the  usual  estimate  of  chemists.  Where  the  gas  has. 
to  be  made  on  purpose  for  the  engine,  its  application  appears 
-still  more  dubious,  as  gas-making  forms  a  business  abundant- 
ly nice  and  complex  of  itself,  and  quite  incompatible  with 
fjiat  shnplicity  which  every,  mechanical  power  should  pos- 
-sess.^ — Edin.  Philos.  Jour* 

Mr  Htuland's '  Mineralogical  Co/fcc(fon.--Thc  most  exten- 
wc,  splendid,  and  useful  collection  of  minerals  in  the  world, 
IS  that  belonging  to  Mr  Heuland  of  London.  Those  parts  of 
this  cabinet  which  have  l^een  occasionally  shewn  to  miner- 
alogists, have  not  failed  to  excite  their  wonder,  and  admira- 
tion, as  well  as  an  ardent  desire  to  see  the  whole  of  this  splen- 
tlid  display  of  the  riches  and  magnificence  of  the  mineral 
-kingdom.  ,  It  is  therefore  with  great  pleasure  we  inform  the 
intncralogical  world,  that  such  arrangements  are  now  making 
by  Mr  Heiiland,  as  will  enable  him  to  display  the  whole  col- 
lection sometime  during  the  course  of  next  spring. — Edin. 
Philos.  Jour. 

Mineralogical  Collections. — Mr  Heuland,  from  the  vast  col- 
lection of  the  finest  and  most  characteristic  minerals  in  his 
possession,'  and  from  having  lately  added  to  his  stores  the 
splendid  cabinet  of  IVL  de  Dree,  and  the  well  known  and  ad- 
mirable cabinet  of  a  foreign  nobleman,  will  be  enabled  to  sup- 
ply public  institutions,  or  private  collections,  in  a  style  hither- 
to unknown  in  this  country.  But  he  will  not  engage  to  fur- 
nish any  collections  under  L.  300,  nor  above  L.  600,  ha^ng 
already  pledged  his  word  to  several  London  collectors,  to 
«uit  ^hem  by  the  choice  of  single  specimens.  ^  Any  orders  he 
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o1»tains,  and  these,  we  doubt  not,  will  be  numerous,  now  that 
scientific  societies  and  private  collections  are  rising  every 
where,  will  be  executed  under  the  condition,  that  he  is  to  bear 
every  expense,  to  and  from,  should  the  collection  not  agree 
with  the  expectation  of  the  receiver. — /6. 

Gum  Jinimi  as  connected  with  the  origin  of  Amber. — "  We  saw 
in  the  woods  many  of  the  trees  from  which  the  gum  animi 
is  obtained  {Hymenal  Cmirbanl^  L.)*  They  are  here  called 
Sataba  or  Jatar.  Between  the  bark  and  the  wood  of  this 
tree,  which  in  its  gro^\'lh  resembles  the  elm,  there  are,  in  pro- 
portion,  but  a  few  interstices  filled  with  fluid  gum;  the  far 
greater  part  of  it  is  found  under  the  principal  roots,  when 
they  are  bared  of  the  earth,  which,  in  general,  cannot  be 
done  without  felling  the  tree*  Under  old  trees,  pale  yellow 
round  cakes,  weighing  from  six  to  eight  pounds,  are  some- 
times found,  which  have  been  formed  by  the  gradual  filter- 
ing of  the  liquid  gum.  The  purity  ancf  colour  of  this  sub- 
stance principally  depend  on  the  nature  of  the  earth  in  which 
these  cakes  are  iound,  for  the  brown  mould  or  moor  soil  im- 
parts to  them  certain  ingredients,  which  are  not  found  in  the 
dry,  clayey,  or  sandy  soil.  The  finest  part  of  the  gum,  how- 
ever, is  that  which,  exuding  from  the  bark  chiefly  m  the  dry 
season,  in  the  months  of  September  and  October,  is  collected 
by  the  inhabitants  in  the  foroi  of  drops,  and  melted  over  the 
fire.  The  formation  of  these  larfee  masses  of  gum  between 
the  roots,  seems  to  throw  some  light  on  the  origin  of  amber, 
as  it  is  very  conceivable,  that  this  vegetable  substance  may 
have  been  partly  accumulated  in  the  ground,  in  a  similar 
manner,  under  the  trees  which  produced  it,  before  it  was  re- 
<ieived  and  rounded  by  the  sea.  Insects  too,  particularly  ants, 
are  also  found  in  the  pieces  of  the  Jatar  gum,  as  in  amber. 
The  layapos,  and  other  Indian  tribes  on  the  Rio  Grande,  on 
the  banks  of  which  the  JHymencea  forms  extensive  woods, 
form  this  gum  into  ornaments,  shaped  like  a  club  or  a  spin- 
dle, which  they  wear  in  holes,  bored  in  the  nose  and  under- 
lip.  Of  the  thick  bark  of  the  tree  they  make  small  canoes, 
which,  on  account  of  their  lightness,  are  peculiarly  adapted 
for  land  carriage  from  one  river  to  another.  Many  lofty  cro- 
tons  also  grow  on  the  banks  of  the  Sapucahy.  A  red  resinous 
matter  is  obtained  from  them,  which  the  inhabitants  call 
dragon^s  blood,  and  use  for  dying.''— Spia?  and  MartiuaU 

Travels. 

.— . ,       ^■»  .,  ■   ■    ■  I  ^ 

*  We  met  with  leveral  kinds  of  lijmeooNi^  all  of  Whieb  prodoce 
VOL.  iu  NO>  b.  64 
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AniidoU  for  Sulphuric  Acid. — It  very  often  happens  that 
the  sulphuric  acid,  or  oil  of  viirtol^  or  vitriolic  acid,  as  it  is 
called,  is  swallowed,  either  by  accident  or  design.  It  is  a 
virulent  poison,  producing  instant  inflammation,  and  speedily 
destroying  the  coats  of  the  stomach,  the  lining  of  the  throat, 
and  every  part  of  the  body  witH  which  it  comes  into  contact. 
Help,  in  such  cases,  to  be  efficacious,  must  be  instant^  It  has 
been  proved  by  the  experiments  of  Orfila,  that  the  best  reme- 
dies are  of  no  use,  if%  not  speedily  administered,  for  the  ra* 
pidity  with  which  the  acid  eats  thg  body  into  ulcers  is  ter- 
rific. A  little  knowledge,  then,  of  the  means  of  administering 
an  antidote  in  such  cases,  is  of  far  more  value  than  a  physi- 
cian living  at  a  short  distance.  The  instant  that  such  a  sub- 
stance is  swallowed,  and  we  wish  to  counteract  its  effects,  we 
must  gorge  the  patient  with  magnesia,  suspended  in  water. 
This  eanh  is  the  best  known  remedy.  It  should  be  calcined, 
or  pure  magnesia,  as  the  common  magnesia,  or  carbonate  of 
magnesia,  produces  great  inconvenience,  from  the  carbonic 
acid  gas  it  generates.  If  there  is  neither  calcined  nor  com- 
mon magnesia  at  hand,  make  the  patient ^drink  soap  suds,  or 
water  in  which  soap  is  dissolved*  If  this  is. not  to  be  got  at, 
give  milk ;  and  in  the  absence  of  every  thine  else,  give  large 
quantities  of  warm  or  cold  water.  The  acid  itself  produces 
excessive  vomiting ;  and  it  therefore  requires  a  great  effort 
on  the  part  of  the  patient  to  swallow  any  thing.  He  must 
therefore  be  encouraged,  by  a  hope  of  cure,  to  exert  himself, 
and  aid  the  physician.  If  we  do  this,  and  happen  to  have 
magnesia  at  nand,  or  can  supply  its  place,  till  it  be  procured, 
with  soap  and  water,  we  may  chance  to  save  even  those  who 
have  taken  a  dram  or  a  draught  of  sulphuric  acid.— 77ie  Chemist. 

Ktro  Scientific  Works. — Baron  Humboldt  has  nearly  ready 
for  the  press  a  large  geological  work  with  numerous  plates* 
Cordicr  has  just  nnisned  a  large  work  on  Geology,  and  M» 
Brongniart^s  work  on  Fossil  Geology  is  advancing  with  rapidir 
tv.  Daubuisson  and  ^rongqiart  Sen.  a)-e  about  publishing; 
the  latter  having  lately  visited  Norway.  Beudant  has  pub- 
lished a  work  on  Mineralogy,  of  which  we  shall  give  <tur 
readers  some  account  in  a  future  number ;  and  Maras- 
chini  has  printed  a  very  important  men^pir  on  the  Yi* 
centin.  M.  Bron^niart  Sen.  has  published  a  piost  valu*". 
able  article  op  Mmeralogy  ip  the  Diet,  des  Spience»  nat* 
urelles,  which  has  been  reprinted  under  the  title  oif  "  An  In^ 
^rodtictipn  to  Mineralogy.''  Messrs  Geoffroy  St  Hilaire  and 
Frederic!^  ^\VfQ^  l^ye  published  a  bi^tpry  Qf  MftgWiifrgOMB 
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animab,  wkh  coloured  plates  taken  from  living  dniroals.  The 
third  and  foarth  volumes  of  an  Introduction  to  Entomology 
with  coloured  ptates,  bv  Mr  Kirby,  have  appeared  in  England. 
M.  Eschw^  has  published  a  sketch  of  the  Geologj  of  £ra<- 
eil,  with  a  dissertation  on  the  origins)  gangue  of  the  diamond, 
Mr  Henslow  has  given  a  very  interesting  paper  on  the  Ge- 
ologj of  An^lesea,  in  the  Cambridge  Philos.  Transact,  with 
plates.  Prot.  Monticelli  has  described  the  last  j*ruption  of 
Etna,  and  Dr  Renter  of  Padua  has  published  an  elementary 
work  on  Mineralogy.  Messrs  Descouf tils,  Gilet  de  Laumont,' 
Jr.  and*Berneaud,  have  made  a  report  and  analysis  of  tho 
pretended  fossil  man  and  horse  of  the  forest  of  Fontainbl^au,- 
and  proved  that  the  appearance  arises  from  the  peculiar  struc* 
tare  of  the  rock  and  the  disposition  of  its  colouring  matter. 
Mr  Komg  of  the  British  Museum  has  published  the  first  part. 
of  the  Iconts  Fossilium  Sutiles*  This  work  possesses  great 
interest,  both  for  the  j^eneral  naturalist  and  the  geologist,  and 
consists  of  eight  folio  lithographic  plates,  containing  exceeding- 
ly accurate  and  well  executed  figures  of  100  species  of  fos- 
sils, with  their  descriptions  in  Latin. 

American  Botanists. — Dr  Hooker,  Professor  of  Botany  in 
the  University  of  Glasgow,  has  published  in  a  late  number  of 
Brewster^s  Journal,  a  very  interesting  sketch  of  the  progress^ 
of  botanical  science  in  the  United  States,  in  which  we  find  th^' 
following  notice  of  the  late  Professor  Peck.  "  We  recollect,  - 
when  many  years  ago  this  gentleman  did  us  the  honour  of  a 
visit  in  England.  He  mentioned  that  his  taste  for  natural 
Ittstory  was  induced  by  the  perusal  of  an  i^nperftct  copy  of 
Linneeus's  Systtrna  Natum^  a  work  then  scarcely  known  in 
America,  and  which  he  obtained  from  the  wreck  of  a  ship^ 
which  was  lost  near  the  spot  where  he  resided.  Professor 
Peck  afterwards  became  eminent,  particularly  for  his  know- 
ledge of  insects ;  and  his  communicatk)ns  to  our  great  ento- 
mologist, the  Rev.  Mr  Kirbv,  are  highly  valuable.  Many  of 
these  were  published  by  Mr  Kirby,  in  the  Transactions  of 
the  Linnaean  Society,  and  amongst  them  the  curious  Xtnos 
Ptchiiy  an  insect  which  inhabits  tne  joints  in  the  abdomen  of 
the  Waspy  The  Florula  Bostoniensis  of  Dr  Bigelow  is  no- 
ticed with  ereat  respect ;  as  is  also  the  account  of  the  botany 
of  the  White  Mountains,  published  by  Drs  Bigelow  and  F, 
Boott  in  the  N.  E.  Journal  of  Medicine  and  Surgery.  This 
was  the  result  of  one  of  "  many  other  journies  made  by  these . 
gentlemen  in  the  New  England  States,  with  a  view  to  the 
paMicfttion  of  a  Flora  of  that  district.    The  design,  however, 
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has  heeti  relinquished,  and  the  principal  cause,  since  it  ba» 
arisen  from  Dr  Booties  naturalization  among  us,  we  ought  not 
to  regret.  Science,  however,  has  been  a  sufferer :  for,  from 
our  personal  knowle/dge  of  this  gentleman,  we  are  satisfied 
that  he  would  have  been  a  most  able  and  zealous  coadjutor 
in  such  an  undertaking.  A  very  extensive  collection  of  the 
plants  of  that  country  has  been  liberally  presented  to  us  by 
Dr  Boott,  which  has-satisfied  us,  that  in  (he  art  of  preserving 
specimens,  no  one  has  ever  exceeded,  or  perhaps  ever  equalled 
him,  and  the  names^are  very  frequently  accompanied  by  val- 
uable notes.''  Great  praise  is  bestowed  on  the  labours  .of 
Elliot,  Nuttall,  Torrey,  and  others  of  our  botanists,  which  our 
limits  will  not  permit  us  to  extract. 

Height  of  the  Tides. — The  unusual  degree  of  excitement  caus- 
ed by  the  expectation  of  a  very  high  tide  at  the  time  of  the  full 
moon  in  March  last,  induces  us  to  give  the  following  table  of  the 
highest  and  least  tides  durin?  the  present  year,  calculated  for 
the  port  of  Brest  in  France,  by  Bouvard,  from  La  Place's  for- 
mula in  voL  ii«  p.  289,  Mec*  (jeL  The  h^ght  is  given  in  feet 
and  inches,  supposing  the  average  rise  of  the  morning  and  eve- 
ning tide  above  the  intermediate  low  water  to  be  10  feet  The 
numbers  ought  to  be  perpetually  increased  or  decreased,  if  that 
average  height  be  greater  or  less  than  10  feet.  As  far  as  it 
regards  the  direct  influence  of  the  sun  and  moon,  the  tides  are 
anected  in  the  same  manner  in  this  country  as  in  Brest;  but 
the  effect  is  much  modified  by  the  local  circumstances  of  the 
different  ports*  The  hours  denote  the  time  of  new  or  full 
moon,  M«  being  for  the  morning,  and  E.  for  the  evening.  In 
Brest  the  highest  tide  follows  the  new  or  full  moon  about  36 
hours. 


New  or  Full  Mood.       Tide. 


New  or  FaH  Moon.     Tide« 


d.    b. 

ft.   in. 

d.    h. 

ft.  in. 

Janaary. 

4    7 

E. 

9    6 

July. 

16    6 

E. 

7    7 

18  11 

E. 

8    4 

24    6 

E. 

8    6 

February. 

8    7 

M. 

10  10 

August. 

14    2 

M. 

10    7 

17    6 

E. 

8    7 

28    7 

M. 

8    8 

March. 

4    5 

E. 

11     8 

September. 

12  10 

M. 

11    0 

19    2 

M. 

8    8 

26  11 

E. 

8    7 

April. 

3    2 

M. 

10  10 

October. 

11     7 

E. 

11    4 

18    5 

M. 

8    Ct 

26    6 

E. 

8  a 

May. 

2  10 

M. 

10     1 

November. 

10    4 

M. 

10    4 

17    7 

E. 

8    0 

26  11 

M. 

7  11 

81     7 

E. 

8  10     ' 

December. 

9    4 

E. 

9    6 

JuDe. 

16    8 
30    6 

M. 

M« 

8     2 
8    6 

25    4 

M. 

8    0 

From  this  it  appears  that  at  the  time  of  the  new  moon  in  Ck- 
tober  the  tide  will  be  within  four  inches  as  high  as  in  March, 
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and  a  very  strong  easterly  gale  might  produce  a  very  high 
tide  in  our  porta.  The  tide  will  also  be  high  at  the  time  of 
new  moon  in  September.  It  ought  always  to  be  kept  in  mind 
that  the  height  of  the  tide  depends  very  much  on  the  violence 
of  the  wind.  A  strong  easterly  wind  makes  the  tide  come  in 
at  an  earlier  hour,  and  also  increases  the  height.  Commur 
nkated  by  Dr  Bowditch. 

Robimon^s  Catalogue  of  American  Jl/tnerafc.— Dr  Robinson 
of  Providence  has  done  an  acceptable  service  to  Mineralo* 
gists,  in  the  compilation  of  a  Catalogue  of  all  the  minerals 
which  are  known  to  exist  in  the  United  States  and  British 
provinces,  which  have  been  described  in  the  various  scientific 
journals,  &c.  Under  each  State  the  names  of  towns  are  given 
alphabetically,  and  under  the  name  of  each  town  we  have  a 
list  of  the  minerals  which  have  been  found  in  it,  with  such 
directions  as  will  guide  the  mineralogist  in  his  search  for 
specimens.  The  utility  of  the  work  would  have  been  muck 
enhanced,  had  it  been  accompanied  by  a  map  of  the  United 
States,  and  still  more  so,  if  by  a  map  of  each  state. 

Additions  to  the  Cabinet  of  Minerab  at  Cambridge. 

From  PrMented  by 

Ciystalliied  Quartz,  &c.           Missoari,  H.  D.  Ward,  Esq. 

Native  Carb.  of  Soda  (Natron),  Egypt,  H.  A.  S.  Dearborn,  Eio. 

Crystallised  QnartB,                 SouthaDpton,  Alass.  Dr  James  JadEson. 

Solphoret  of  Lead  if.  Copper,  Easton,  Mass.  Mr  Leonard,  Canton. 

Oil  Stone,  (Novacnlite)      )   The  Gold  formation  )  «-./•  r\i *    j 

Solpbate  of  Barytas,  &c.    <       of  N.  Carolina.  ^        "''"■*~^- 
A  snite  of  400  larce  models  f 

of  crystals,  made  in  Paru  ^         •        .        .  A  Gentleman  of  Boston. 

for  Count  Boaraon,         ) 

Barb  Stone,                 .           Georj^a,  Dr  Gainard,  N.  C. 

Amethyst,                .        .       Bristol,  R.  I  ) 
Garnets  (yarious)                    Cnmberlaod,  R.  I. 

Pargasite  with  Garnet,  .  Boxborough,  Mass.  j 

Serpentine  and  Asbestos,         Newbury,  Dr  Dwight,  Boston. 

Portion  of  a  Fossil  Tree         Missouri,  Rev.  J.  Pierpont,  do. 

Botanical  Garden^  Cambridge. 

A  catalogue  of  the  plants  which  have  flowered  in  the  coli- 
servatories  at  the  Botanic  Garden,  Cambridge,  in  the  months 
of  April  and  May.     Communicated  by  Mr  Nuttall. 

Acacia  famesiana.  West  Indies. 

<'       armata N.  Holland. 

Aloe  yermcosa.  Cape  of  Good  Hope. 


toe 
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.      CapeofGtK>dHope« 

"  jretusa. 

do. 

Alstroemeria  pelegrina.     . 

.      Pern. 

Amaryllis  reg  nae. 

Brasil. 

Antbolvsa  roeriana,     . 

Cape  of  G«od  Hope. 

Anthencum  fratesceni.     . 

.        .       .          do. 

Anthytlts  barba  Jovis. 

S.  Europe. 

do. 

Buddleia  globosa. 

CbUi. 

Begonia  nitida. 

Jamaica. 

^        buouliB. 

Trinidad. 

*<         hireuta. 

Guianne; 

Cactas  flngeUifomiis.     . 

West  Indies. 

Calla  JCthiopica. 

Cape  of  Good  Hope.      ' 

Camellia  japonicay 

Japaa. 

"              «        myrtifoUa. 

do. 

Cannaindica.     . 

East  Indies. 

<<     lutea. 

S.  America. 

«      cocctoea. 

dci. 

"      •Africana. 

Africa. 

"       patens. 

East  Indies. 

Canna  nepalensis. 

Nepal. 

CeUia  cretica.           • 

Crete. 

Ceropegia  'crassifolia.     . 

.        .       East  indies* 

Cistas  salviefollus.      , 

Europe. 

«    coccineiM. 

do: 

"    caoescens.  . 

do. 

<<    monspeliensif. 
<«    ladaniferaa. 

S.do. 

Spain. 

«    libaootis. 

Palestine. 

Cineraria  ianata. 

Africa. 

Choriaema  ilicifolia. 

N.  Holland. 

CbrysocoBM  Hnosyris. 

S.  Europe. 

Clematis  florida  Cpleoo).      . 

China. 

Colutea  pubescens. 

Cape  of  Good  Hope. 

Crassala  imbricata. 

.     .                    do. 

Crotalaria  arborescens. 

do. 

Correa  speciosa. 

N.  Holland. 

Red  River  (Aricansa). 

CytUus  seasilifolivs. 

lUly. 

Dalea^parosella. 

.      Mexico. 

Dapbne  laureola. 
Daiecbampia  scandbns. 
Diosma  ericoides. 

S.  Europe. 

.      W.  Indies. 

n .  Holland. 

«*      alba. 

do. 

"      uoiflora. 

do. 

'<      pulchella. 

do. 

"      imbricate. 

do. 

*'      speciosa. 

do. 

DodoDsea  angustifolia. 

Cape  of  Good  Hope. 

Elycbrysum  sesamoides. 

do. 

Epacris  grandiflora. 

N.  Holland. 

Erioa  propendeas. 

Cape  of  Good  Hope. 

«      faumeL 

do. 

"      comosa. 

do. 

"     tabiflora.             .        . 

do. 

«•     gilva.               .       • 

.       .                     do. 

•  Tboia  plMt»  marified  with  an  aiterisk  (  "  )  are  oew  species. 
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Erica  grtndliom. 
"     yentrieosa.  ; 
^*     triflora. 
'*     iMccans. 
"     simpliciAora. 
**     margariUcea. 
**     ramentacea. 
<*     verticiUata. 
arbutiflora. 
nigrita. 
physodes. 
empetrifolia. 
birU. 

meditarranea. 
ooncinpa. 
persolata. 
**  tardiflora. 
"  pomifera. 
•*  *apprefl8a. 
"  hispidula. 
**  fastigiata. 
Erodlam  botryi. 

*<        ribifoliaiD. 
Ferraria  andnlata. 
Fothergilla  alnifolia. 
Foschia  copeinea. 
(Salaemiom  nitidam. 
GeraAiam  aangaineom. 
**       striatum. 
«       macrorfaiioD. 
''       aoemoQefoliaiii. 
«       pyreDaicom. 
Gdaphalinm  ftoechas. 
Ciorteria  rigena.         ! 
Gale^  grandiflora 
Gladiolus  andolatas. 
'*        suaveolens. 
**       plicatus. 
**        striatus. 
Heliotropium  peravianum. 
"  corymbosum. 

Hibbartia  yolubilis  rDUlenia). 
Hemimeris  articifolia. 
Hermania  aiicans 

**       (tenadato. 
Ixia  hyalina. 
"    crocata. 
Jnstieia  coeralea.* 
Keonedia  rabicooda. 
**        bUoacnlata. 
Lacboaa  eriocepbala. 
Lasiopetalum  quercifoUam. 
Linana  sapioa. 
Lobelia  annus. 
Lotos  jacobsMis.  , 

Lyciom  JaponicuDi. 
Manulea  alternlfoUa* 
Mahaniia  iocisa. 
Malva  refleia. 


do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 

do. 
S.  Europe. 
Cape  of  Good  Hope* 

do. 

do. 

do. 

do. 

do. 

do. 
.  8.  Europe. 
'  Cape  ofGood  Hope,. 

do. 
8.  Carolina. 
BraiH. 
S.  Carolina. 
England. 
ItaTy. 
do. 

Cape  of  Good  Hope* 
Europe. 
lUly. 
Cape  of  Good  Hope. 

do. 

do. 

do. 

do. 

do. 
Pern, 
do. 
N.  Holland. 
S.  America. 
Cape  of  Good  Hope. 

do. 

do. 

do. 
East  Indies. 
N.  Holland. 

do. 
Cape  of  Oood  Hope. 
N.  HoUand. 
Eurppft. 

Cape  of  Good  Hope 
IsleofSiteM. 
Japan. 
N.HoUand. 
Cape  <»C  Good  Hope. 
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MoBfonia  speciota. 
Magnolia  obovta. 

Cape  of  Good  Hopet 
China. 

Meiico. 

u 

penoaata. 

S.  America. 

Metroflideros  lanceolata. 

N.  Holland. 

Mercnrialb  tomentosa. 

8.  Europe. 

Medicago  arborea. 

do. '^ 

MesembryanthemaiD  inclaadens. 

Cape  of  Good  Hope. 

<<                 apectabile. 

do. 

"                 acinaciforme. 

do. 

"                  corniculatum. 

do. 

"                 bicolomm. 

do. 

Merinm  oleander. 

S.  Europe. 
S.  America. 

Micotiana  panicnlata. 

Otfaonna 

pectinata. 

Cape  of  Good  Hope. 

Ornithogalam  bicteum. 

do. 

Oialis  rubella. 

do. 

"        CI 

iprina.      .... 

do. 

"     Yenicolor. 

do. 

«•      rosea v 

do. 

Oiylobium  cordifoUnm. 

N.  Holland. 

Pavonia 

praemorsa. 
lium  sonale  (arborenm).    . 

Peru. 

Pel«|0. 

Cape  of  Good  Hopa. 

inquinans. 

do. 

tl 

(kitgidam.     . 
ardens. 

do. 

tt 

do. 

tt 

triste.    .        ... 

do. 

tl 

odoratissimam. 

do. 

tt 

grossularoides. 

do. 

« 

qQerctfoUum.    . 

do. 

u 

oblatiim. 

do 

it 

lacerum. 

do.. 

<( 

slaucam. 
betnlinnm. 

do. 

«( 

do. 

tt 

alcbemilloides.     .       . 

do. 

tt 

glutinotum. 

do. 

tt 

crispum.     • 

do. 

tt 

pelutvm,  a2M/l  album. 

do. 

II 

cordatum. 

do. 

u 

grandiflorum. 

do. 

ti 

capitalum.    . 

do. 

tl 

tomentosum.     . 

do. 

it 

graveoleas.    . 

do. 

tt 

radula.       .       .        . 

do. 

tt 

tripartitum. 

do. 

tt 

cucullatum.       ..        . 

do 

IC 

cucullatum,  fi  wasbing- 
tonianum,  and  many 

nmerb  varieHu. 
Inoaorum.     . 

do. 

u 

do. 

tt 

superbum. 

do. 

tl 

tabulare. 

do. 

tt 

echinatom. 

do. 

u 

inquinans  fi  yar.  wateiloo 

do. 

FhlomisfraticoM. 

Spain. 

Polygali 

imyrtifolia. 

do. 

it 

do. 

u 

oppositifolia.       .        . 

do. 

4$ 

bracteoUta.    . 

do. 
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Polynia  stipulacea. 
Psoralen  piDnita. 
Reseda  odorata. 
Rhododendron  ponticum. 
Rosa  multiflora. 

*'    indica,  and  varieties* 

**         «     odoratissima  (tea  rose). 

«<  *'     undulaU. 

<*    lemperflorenS)  andvarietiei, 

«  "  landretbi. 

«*  **  lawrencia. 

*<    champneyana. 
Rabus  rosaefolius  '«  hybrid). 
Scizanthus  pinnntus. 
Solaiium,  pseudo-eapsicum. 
Spartibm  junceom 
**         linifolium. 
*'         scoparium. 
Stylidiam  fiuticosiim. 
Sysirinchium  Bermodiana. 
**         laium. 
^         striatum. 
Tigridia  *G<Brtilea.  » 

Teucrium  fruticans. 
Veltbeimia  viridilblia. 
Vinca  ro5ea. 
Virnmaria  denudata. 
Xerantbemum  fatgidom. 

Plants  which  haveJUmered 

Acer  rubnim. 

**   striatum.        •        • 

"    saccbarinum. 

<*    montanum. 

«    negundo. 

**    pseudopiatanos. 
Actaea  alba. 

«'      rubra. 
Adonis  sestivalifl. 
iEsGulus  Hipp  icastanam. 
Allium  Moly. 
Amvgdalus  nana  (plena). 
Andromeda  cnlicuiata. 
Amygdalus  persica  ^pYena). 
Anemone  tbaiictroides. 

''        nemorosa. 
Aquilegia  canadensis  omf /I  alba. 

"  vulgaris. 

Arabis  alpina. 
Arum  tripbyllnm. 
Asanim  caiiadetise. 

**        vir^inicnm. 
Asalea  nudiflora.  , 

"       calendalacea.    . 

*'       bontica. 
Biscotefla  cicborifolia. 
Brisa  minor 

'*    maxima. 
Barbarea  vulgaris. 
Borago  cretica. 
Caprifoliom  parviflomm. 
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Cape  of  Good  Hopt. 
do. 


Black  SeSi 
Cbittft. 

do. 

do. 

do. 

India> 

do. 

do. 

China. 
Chili. 
Madeira. 
S.  Europe^ 

do. 
Europe. 
N.  Holland. 
West  Indies. 

do. 
Mexico. 
Brasil. 
S.  Europe. 
Cape  of  Good  Hope* 
Madagascar. 
N.  Holland. 
Cape  of  Good  Hope. 

in  the  open  ground* 

United  State*. 
do. 

do.  , 

do. 
do. 
S.  Europe. 
U.  States. 

do. 
Europe. 
Asia. 
Europe. 
Siberia. 
U.  SUtes. 
Persia. 
U.  States. 

do. 

do. 
Europe. 

do. 
U.  States. 

do. 

do. 

do. 

do. 
.        do. 
Pyrenees. 
Italy, 
do. 
Europe. 
Crete. 
U.  States. 
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Cercis  caoadenats.            .       .        .  U.  States, 

Cerasus  borealia do. 

**        obovatiu.  do. 

Convallaria  majalts.      ...  do. 

Cornus  florida                                    .   '  do. 

''       panicalata.        ...  .    do. 

<'       eericea                  ...  do. 

•'        circinata.          ...  do. 

"       saoguinea.            .  Europe. 

Cbelidoniiim  majus.      ...  do. 

Coptis  trifolia.           .        .        .        .  U.  States. 

Claytonia  spatbalefolia.  do. 

Comptonia  asplenifolia.  do. 

Corcnorus  japonicos.            .        .      •  Japan. 

Coiydalis  canadensis.       .        .        .  U.  Slates. 

"        elaaca.  do. 

''        Cucullaria.  do. 

Chenopodiam  Bonos-Henricus.  Europe. 

Coronilla  etnerus.            ...  do. 

Cynoglassom  pictum.        ...  do. 

Cytisus  capitatus.          •        •        .  do. 

**         Laburnum.         ...  do. 

Daphne  mezereon.        ...  do. 

**       laureola do. 

Dentaria  diphylla.            .        .        .  U.  SUtes. 

Dircs  palustris do. 

Erythronium  americanum.  do. 

Fotbergilla  alnifolia.  S.  Carol. 

Fragaria  vesca.         .        .        .        •  Europe. 

<<        canadensis.  U.  States 

Fritillaria  imperialis.                .  Persia. 

<'         melea^ris.  Europe. 

Fomaria  afficioalis.           ...  do. 

Galantbus  nivalis,  and  (pleno)  do. 

Geum  strictum.                .        .         .  U.  States. 

"     urbanum.                          •  Europe. 

Glecboma  hederacea.  do. 

Geranium  maculatum.                      .  U.  States. 

"        pyrenaicum.  Europe. 

Gnapbalium  plantagineum.  do. 

Hepatica  triloba.               .        ...  do. 

"         *acuta.           ...  do. 

Hesperis  lyrata Europe. 

<<         matronalis.             .        •  do. 

Heuchera  americana.       .        .        .  U.  States. 

Houstonia  CGerulea.       ...  do. 

Hyacintbus  botryoides.                    .  Europe. 

Hyacintbus  orientalis,  varieties.  Asia. 

Hydropbyllum  virginicum.  U.  States 

H^oscyamus  niger.                 .  Europe. 

Ins  pumila.           ....  do. 

«    cristata U.  States. 

"    verna.             ....  do. 

<*    Germanica Germany. 

**    sambucina.                    .  Europe. 

'*    florentina do. 

"    pallida.                ....  Italy. 

Kalmia  glauca U.  States. 

Lathyrus  cocci  neas.                .  Italy. 

Laurus  sassafras.           ...  do. 

''      benzoin,        ....  do. 
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Lauras  nobilU.             .       . 

Europe. 

Ledum  latifolium. 

.       .     .  U.  States. 

Lychnb  dioica  (plena). 

Europe. 

Lunaria  rediviva. 

.        .           do. 

Lupinus  perenDis. 

U.  States. 

Lycopsis  arvensis. 
Magnolia  tripetala. 

do. 
U.  States. 

"        glaaca. 

do. 

MespUus  ovalia. 

Massachusetts. 

**        botryapium.    . 

do. 

«        •glabra. 

.        .              do. 

<*       melanocarpa.  . 

do. 

Myosotis  alpina. 

England. 
U.  States. 

MyricaGale.         . 

«      cerifera.             .        . 

do. 

NarciBsiu  posticus. 

"        Pseudo-Narciflsus. 

S.  Europe. 

do. 

»       jonqoilla. 

Spain. 

«        tazetta. 

do. 

Nepeta  grandiflora. 

do. 

Orchis  bracteata.           .     .  . 

U.  States. 

«        obtttsata. 

do. 

"         dtlaUta. 

.       .           do. 

Oraithopus  compressas. 

.        .        Italy. 

U.  States. 

Osmimda  regalis. 

.        .           do. 

'*        cioDamomea. 

do. 

«        interropta. 

.       .           do. 

Paeonia  oiBcinalis  (plena). 

.        .      Switseriand. 

"           «          incarnata. 

«        coralHna. 

S.  Europe. 

**        anomala. 

Siberia. 

«        tenoifolia. 

do. 

Pavia  ^pennsyWaniea. 

U.  States. 

«      rubra. 

do. 

Podophylium  peltatum. 

do. 

Polygonatnm  vlUosom. 

do. 

multiiloram. 

do. 

Flantago  alpina. 
Phlox  subulata. 

Europe. 

U.  States. 

«     reptans. 

do. 

do. 

"         cceraleum. 

Europe. 

Pranns  cfaicasa. 

U.  States. 

«      littoralis. 

do. 

P3rra8  japonica. 

Japan. 

"     coronaria. 

U.  States. 

Primula  acaulls. 

Europe. 

"       veris  and  varietitt. 

do. 

"        anricQla. 

do. 

Qaerctts  robur. 

.        .           do. 

Rheum  palmatum. 

«     ribes.             .        . 

Siberia. 
.       .          do. 

Reseda  luteola.          , 

Europe. 

Rosa  kamtscfaatica. 

.        .        Asia. 

<*      spinosissima. 

.        .       Europe. 

Rhodora  canadensis. 

U.  States. 

Ribes  CynosbaU. 

do. 

«     lacustris. 

do. 

«     floridum. 

.        .           do. 

<•     trifloram.            0 

do. 

tn 
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Sanguinaria  c 
Sedum  teraatam. 
Smyrnium  i 

"        Sntegerrimam.  . 
Salii  monaodra. 

**    discolor. 

<*    rostrata. 

"    viviMlii.   •  . 

"    vitalinft. 

**    babylonioa. 

"    pentandra. 
Symplocarpas  fcetida. 
Syringa  persica  and  vulgaris. 
Sysimbrium  pinnatifidam. 
**  acutangulum. 

Smilacina  raoemotiu 
Spartium  scoparium. 
Spiraea  bypericifolia. 
Saiifraga  cnissifolia. 
"        virginica. 
"       pennsylTaniea. 
Stapliylea  trifolia. 
Tlialiclniiii  dioicum. 
Tiarella  cordifolia. 
Tradescantia  virginica,  and  var.  t 
Trioflleuiii  perfouatum. 
Trillium  atropurpareuin. 

**       cemuum. 
Tulipa  GefoeriaBa,  numy  vmietiei. 

«     soaveolens. 
Uvularia  sesMrifoiia. 
"        perfoliata. 
Viola  tricolor. 

^<    odorata  (pleaa), 

"    ovata. 

*'    sagittata. 

«    pedata. 

*<    palmata. 

"    blanda. 

''    lanceolata. 

**    oueoHata. 

<*    atarifolia. 

«    debilis. 

"    villosa. 

«    itriata. 

"    rotundifolia. 

**    canadensis. 

"    pnbescens. 
Vinca  pervinca. 
Veratrum  viride.        .     - 
Vaccinium  corymbosam. 
"         tenell«iD. 


Valeriana  dioica. 


The  editors  of  this  Joomal  do  not-hold  themselves  responsible  for  *e  corwctaasa 
of  notices  of  new  localities  of  nUnferalsror  of  newly  discovered  mineBUs»  wilasi  ac- 
companied by  specimens,  which  will  be  presented,  after  satis&ctory  exaroinatioo,  to 
the  cabinet  or  Harvard  College,  in  the  name  of  the  person  who  may  have  forwavMl 
them.  Facts  or  opinions  mast  be  understood  to  rest  .on  the  in^viiaal  autbority  of 
the  respectiye  writers  who  may  &vor  us  with  tlieir  communications.  The  comma- 
nication  of  six  pages  to  any  volaue  shall  entitle  the  writer  to  a  copy  of  the  Joumal 
for  one  year. 
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PHILOSOPHY  AND  THE  ARTS. 


AnT.  lAY ••'Analysis  of  the  Water  of  ike  Rio  Vtnagre,  in  tht 
Andes  of  P^opaya^.  Bu  M.  BIariano  db  Rivero.  With 
Geognosttc  and  Physical  Illustrations  of  some  Phenomena  whiA 
are  exhibited  by  Sulphur,  Sulphuretted  Hydrogen,  m  Water^ 
in  Volcanos.  By  M.  A,  de  Humboldt.  [Phil.  MagJ] 
(Concluded  from  p.  466.) 

The  good  curate  of  the  village  of  Purace  thought  to  render 
a  great  service  to  his  parishioners,  as  well  as  to  the  inhabi- 
tants of  the  town  of  Popayan,  in  causing,  as  he  said,  the  chim- 
neys  of  the  volcario  to  be  cleaned  now  and  then.  He  ordered 
the  Indians  to  take  away  the  crust  of  sulphur  which  rises  in 
form  of  a  dome  above  the  crevice.  This  crust  has  acquired 
sometimes,  as  thejr  affirm,  a  thickness  of  as  much  as  four  feet 
in  less  than  two  years.  It  lessens  without  doubt  the  opening 
by  which  the  vapours  of  sulphurous  acid  escape ;  but  it  may 
be  conceived  that  the  elastic  force  of  these  vapours  is  such, 
that,  if  the  opening  were  entirely  stopped  up  for  some  mo- 
ments, it  would  sooner  break  the  new  arch  than  produce 
commotions  by  acting  against  the  rocky  sides  of  the  volcano* ' 
For  several  years  the  lakes,  which  represent  in  miniature  the 
crater'lakes  of  our  extinguished  volcanos,  seem  each  to  pre- 
serve the  same  level  of  their  line  of  water ;  which  proves  that 
the  evaporation  is  equal  to  the  infiltration  of  the  waters  of 
snow  and  rain:  but  this  equilibrium  has  not  always  been 
eaually  steady.  About  the.year  1 790  the  Boca  grande  caus- 
ae partial  inundations.    I  dwell  on  this  phenomenon^  because 
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614  Analym  of  the  Water  of  the  Rio  Vinagre. 

it  seems  to  throw  some  light  on  a  problem  of  the  geology  of 
Yolcanos,  which  has  not  been  sufficiently  examined :  1  mean 
the  ejections  of  water  and  mud.  At  Vesuvius  these  ejections 
are  only  apparent,  and  come  neither  from  the  interior  of  the 
crater,  nor  from  the  lateral  crevices.  An  immense  electric 
tension  manifests  itself  in  the  atmosphere  which  surrounds  the 
summit  of  the  volcano  at  the  time  of  great  eruptions. 

Flashes  of  lightning  cleave  the  air ;  the  aqueous  vapours 
thrown  out  by  the  crater  are  cooled ;  thick  clouds  envelop 
the  summit  during  the  continuance  of  this  storm,  confined  to 
A  little  space ;  the  water  descends  in  torrents,  and  is  mixed 
with  the  tufaceous  substances  which  it  drags  with  it.*  These 
effects,  purely  meteorological,  have  given  rise  to  the  tradi- 
tions about  boiling  waters  that  issued  from  the  crater  of  Ve- 
suvius in  1631;  fabulous  traditions,  which  are  perpetuated 
by  an  inscription  at  Portici. 

In  the  votcanos  of  the  Andes,  which  exceed  the  limit  of 
perpetual  snow,  the  causes  of  inundations  are  very  different 
irom  those  which  we  have  just  indicated.  As  the  eruptions 
of  these  colossal  summits  take  place  only  after  long  intervals, 
(every  thirty  or  forty  years,  or  still  more  rareM  banks  of 
snow  of  an  enormous  thickness  accumulate  on  tne  sides  of 
the  mountains.  The  snows  do  not  melt  at  the  time  of  the  ex- 
plosion only,  but  sometimes  several  days  before.  Thus  in 
February  1803,  during  my  stay  at  Guayaquil,  the  inhabitants 
of  the  province  of  Quito  were  frightened  at  the  appearance  of 
the  cone  of  Cotopaxi,  which  lost  a  great  part  of  its  snows  in 
a  single  oi^t,  and  showed  plainly  the  black  colour  of  its 
burnt  rocks.  Whatever  idea  may  be  formed  of  the  power  of 
the  volcanic  forces,  and  of  the  intensity  of  the  subterraneous 
fires,  in  the  Andes,  It  cannot  be  admitted  that  the  thick  sides 
of  a  cone  couki  be  uniformly  warmed,  and  transmit  the  heat 
with  such  rapidity  (by  the  conductibility  of  their  mass)  to 

*  M.  de  tat  Condemine  {Jli6mmret  dt  V^cadimie  1704,' p.  18)  had  alreadj^ 
•xpreiwd  very  precise  ideas  on  the  cause  of  these  pheDonMRa,  which  are 
found  equally  well  explained  in  the  Storia  dtlV  ineendio  del  1737,  published 
by  the  Academy  of  Naples.  I  saw  in  my  last  journey  to  Naples,  ^December 
•I 822)  the  ravftx«»  caused  by  the  torrents  of  water  from  the  side  or  Ottajano, 
.  at  the  foot  ef  Vesuvius.  They  had  transported  into  the  plain,, not  only  mad» 
but  masses  of  laVa  48  feet  in  circumference  and  26  feet  high.  See  the  ex* 
eellent  description  of  these  phenomena  by  M  M.  Monticelli  and  Covelli. 
(S/ofMidel  VtawiodtgU  mm  182l-23„p.  9l<-98)  Phil.  Mag*  vol.  ixiii.  p.  46. 
By  the  mixture  of  the  rain  and  the  volcanic  cinders,  there  is  formed  in  the 
air  (I.  c.  p.  94)  a  kind  of  pisolites  with  concentric  lavers,  which  I  also  found 
on  the  plnki  of  HamhalOi  arnoB^^  the  noisient  ejections  of  the  Cargnairaso. 
Th«  inbabitaott  of  the  proviaee  of  <2ulto  call  these  piaolites  Uirih  hmUonn. 
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the  outside.  The  sudden  melting  of  the  snows,,  w&en,  in  the 
Cordilleras,  it  precedes  the  eruptions,  is  probablj  owing  only 
to  an  infinity  of  Utile  Jvfharoles^  which  disengage  hot  Vapours 
through  the  fissured  rock  of  the  cone.  These  vapours,  ac- 
cording to  what  I  have  had  opportunity  of  observing  in  the 
craters  of  Vesuvius,  the  Peak  of  Teneriflfe,  and  the?  volcano 
of  JoruUo  in  Mexico,  are  more  frequently  pure  water,  wbick 
does  not  act  at  all  on  the  most  sensible  re-agents ;  at  other 
times  they  contain  muriatic  acid,  h  is  remarkable  that  the 
same  crevice  gives  at  very  near  epochs,  distilled  (pure)  w»- 
ter  and  very  acid  waters.  The  artificial  spring  which  M. 
Gimbernat  has  had  the  ingenious  idea  of  forming  at  the  sum- 
mit of  Vesuvius,  by  the  condensation  of  the  vapours  in  a  glass 
tube,  has  sometimes  shown  these  variations ;  they  prove  either 
the  change  of  chemical  action  in  the  interior  oi  the  volcano, 
or  the  accidental  opening  of  some  new  communications.  In 
the  Andes  of  Quito,  as  in  Iceland,  and  in  the  eruptions  of  Et- 
na of  March  23,  1 636,  and  March  6,  1 765,  the  sudden  melt- 
ing of  the  banks  of  snow  produced  great  devastations.* 

At  other  times,  by  slow  infiltrations,  the  snow  waters  are 
accumulated  in  the  lateral  cavities  of  the  volcano ;  shocks  of 
violent  earthquakes,  which  do  not  always  coincide  with  the 
epoch  of  the  fiery  eruptions,  open  these  cavities;  and  waters 
long  kept  in,  which  support  little  fish  of  the  genus  Pimelodes, 
carry  with  them  pulverised  trachytes,  pumice*stones,  tufas, 
and  other  incoherent  matters.  These  liquid  ejections  spread 
sterility  over  the  plains  for  centuries.  Muddy  clays  {Codch 
zaks)  covered  a  space  of  more  than  four  square  leagues,  when, 
in  the  night  of  the  19th  of  June  1698,  the  Peak  of  Carguai- 
razo,  the  actual  height  of  which  exceeds  16,700  feet,  sunk 
down  with  a  noise.  The  lakes  of  sulphureous  water  that  we 
found  at  the  summit  of  Purac6,  explain  what  the  inhabitants 
of  Quito  report  of  the  fetid  smell  ot  the  waters  which  descend 
sometimes  from  the  sides  of  the  volcanos  during  great  erup- 
tions. Struck  with  the  novelty  of  these  phoenomena,  which 
we  only  mention  here,  the  Spanish  Conquistadores  have,  since 
the  sixteenth  century,  distinguished  two  sorts  of  volcanos, — 
the  frre  volcanos  and  the  water  volcanos  {vokcmes  de  fuego  y  dt 
agua*  This  last  denomination,  which  one  might  say  was  in- 
vented to  bring  near  to  each  other  the  ^olcanists  and  thenep- 
tunists,  and  to  put  an  end  to  the  famous  schism  of  dog-matical 

*  Ferrara,  Campi  Flegrei,  1810,  p.  165.«IdeiD,  Descri*.  dcU'  Etna,  1818^ 

p.8»,ii8— lao. 
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Ideology,  has  beei^  applied  especially  to  the  mountaifis  of  Gusk 
timala  and  of  the  Archipdago  of  the  Philippines.  1  he  Vol* 
can  de  €^ua^  placed  between  the  volcano  of  Guatamala,*  and 
that  of  Pocaya,  ruined,  by  torrents  of  water,  and  stones  which 
it  sent  forth  the  lUh  of  September  154l,  ihe  town  of  Almo- 
longa,  which  is  the  ancient  capital  of  the  country.  This 
mountain  does  not  attain  the  limit  of  perpetual  snow,  but  it 
remains  covered  with  snow  several  months  of  the  year. 
When  we  call  to  mind  the  confusion  of-the  accounts  that  are 
found  in  our  own  days  in  the  public  papers  of  Europe,  every 
time^hat  Etna  or  Vesuvius  are  in  action,  we  cannot  complain 
of  the  uncertainty  in  which  the  chroniclers  of  Spanish  Ameri* 
ca  and  the  Ccnquistadore*  of  the  sixteenth  century,  leave  us 
respecting  the  pboenomena  c^  volcanic  inundations^  so  worthy 
of  engaging  the  attention  of  natural  philosophers.  During 
the  eruption  of  Etna  in  1 792,  there  opened  on  the  declivity 
of  the  volcano,  three  miles  from  the  crater,  a  gulf,t  from  which 
issued  for  several  weeks  water  mixed  with  asbes^  scoriae,  and 
clays.  These  liquid  ejections,  which  must  not  be  confound* 
ed  with  the  phcenomenon  of  the  Salses^l  or  air  volcanos,  were 
very  thick.  It  is  easily  conceivable  that  in  the  equinoctial 
zone,  even  very  low  mountains  may,  by  a  particolar  disposi* 
tion  of  their  subterraneous  cavities,  and  by  the  excessive 
abundance  of  the  tropical  rains,  be  subject  to  cause  fr^btful 
inundations  each  time  that  they  undergo  shocks  of  earth- 
quakes. Furthermore,  the  phoenomena  which  we  have  been 
describing  are  repeated  from  time  to  time  far  from  the  volca- 
nos, in  secondary  mountains,  in  the  centre  of  Europe.  Sad 
examples  have  proved  in  our  days  that  in  the  Alps  of  Swit- 
zerland, where  no  shocks  of  earthquakes  are  felt,  a  simple 
hydrostatic  pressure  lifts  up  and  breaks  with  violence  banks 
of  rocks,  throwing  th^m  to  a  great  distance,  as  if  they  were 
projected  by  elastic  forces. 

The  trachytes  of  Purace  contain  sulphur  like  those  of  Mont** 

*  Juarros,  Compendia  de  la  Hittoria  de  Gautemalaf  1809,  t.  i.  p.  72 ;  t.  ii. 
p.  361.  Remesal.  Hitt.de  la  Prarincia  de  San  yineente,  lib:  iv.  cap.  6. — 
Also  in  the  great  eruption  of  the  volcano  of  tlie  province  of  Slnano  in  Japali 
^ttly  27,  17^,  l>oirmg  waters  were  mixed  witb  the  rapHli.  Mmoirt  tor  Im 
VynatHe  regnanie'det  Djogountf  I82f>,  p.  182. 

t  Ferrara,  Deaer,  delV  Etna^  p.  182.  As  this  phenomenon  seems  to  h^ve 
some  relation  to  that  of  the  Maya  de  PelUeo^  which  contains  the  carburets  of 
hydrogen,  and  which  I  made  known  at  my  return  from  Americai-l  obtained 
very  lately  an  explanatory  manascript  note  from  the  learned  Sicilian  geolo- 
gist, M.  Ferrara,  on  the  muddy  eruption  of  Etna,  observed  Marefa  25,  1792. 

t  There  is  only  the  muddy  torrent  (fiume  difango)  of  9aBla«liwria-Nasce- 
mi  (March  18,  1790)  in  Ihe  Val  di  Noto,  which  seems  to  me  to  belong  t«  th» 
actions  of  the  Salses. 
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Pore  in  Auvergne,  of  Budoshegy  in  Transylvanxia,  of  the  Isle 
of  Montserrat  iif  the  Little  Antilles,  and  of  the  Antis^na  in 
the  Andes  of  Quito.  It  is  still  formed  daily  in  the  clefts 
around  the  gulfs  of  Purace,  either  by  a  very  slow  sublima- 
tion, or  by  the  contact  of  the  sulphurous  acid  vapours  with 
the  sulphuretted  hydrogen  of  the  lake.  The  volcano  labours 
in  its  interior  like  tlje  solfataras ;  but  it  presents  nothing  in  its 
form  that  resembles  the  places  which  are  designated  by  that 
name,  and  which  I  have  visited ;  for  example,  the  solfatarasi  of 
Puzzuoli,  the  Peak  of  Teneriffe,  and  the  volcano  of  Jo- 
ruUo  in  Mexico.  These  last  three  are  craters  which  have 
vomited  lava;  they  show  that  their  first  state  was  very 
different  to  that  in  which  we  see  them  at  present.  With  very 
elevated  temperatures,  the  chemical  products  of  a  volcano  are 
not  the  same  as  with  a  very  low  temperature.  If  the  appel- 
lation solfatara  be  given  indefinitely  to  every  place  where 
sulphur  is  formed  or  deposited,  this  denomination  may  also 
be  applied  to  a  district  which  I  shall  describe  here,  and  which 
contrasts  singularly  with  the  trachytes  of  volcanos.  In  cross- 
ing the  Cordilleras  of  the-  Andes  of  Quindiu,  between  the  ba- . 
sins  of  the  Cauca  and  of  the  Magdaleoa  (lat.  4^  Stf — 4**  45') 
I  saw  an  immense  formation  of  gneiss  and  of  micaceous  schist 
resting  immediately  on  an  ancient  granite.  The  layers  of 
micaceous  schist  which  alternate  with  strata  of  gneiss  are  free 
from  garnets,  whilst  the  gneiss  contains  many.  But  in  these 
same  primitive  micaceous  schists,  a  little  to  the  west  of  the 
station  of  the  Moral,  at  the  height  of  6800  feet  above  the  level 
of  the  sea,  in  the  Quebrada  del  Aziifral,  some  decayed  veins 
extremely  full  of  crevices  abound  in  sulphur,*  and  exhale  a 
sulphureous  vapour,  the  temperature  of  which  roselo  41'^  8' 
centessimal  (lift''  F.),  when  the  surrounding  air  was  at  20^  ^ 
(68°  F.)  Here  then  is  repeated  on  a  small  scale,  in  the  clifts 
of  a  primitive  rock,  the  pboenomena  of  the  trachy tic  solfafdra 
of  Budoshegy  in  Transylvania,  which  has  been  recently  ex- 
amined by  M.  Boud.  The  micaceous  schist  of  Quindiu,  which 
surrounds  the  open  veinsy  is  decomposed,  and  the  sulphur  is 
formed  in  masses  considerable  enough  to  become  the  object 
of  a  sulphur-work  which  sup}X)rts  a  family  settled  in  the  ra- 
vine of  the  Azufral.  The  rock  contains  some  decomposed 
pyrites ;  but  I  much  doubt  whether  these  pyrites  perform  the 
important  part  in  nature  which  has  been  so  long  ascribed  to 
them  in  geological  treatises.  In  the  midst  of  the  granitic 
rocks  of  Quindiu  rise  the  trachytes  of  the  volcano  of  Tolimai 

.,      ■      f    .1 s. : . 

^  See  taj  Barometric  and  Geognstic  LevelKng  of  the  Cordillerasi  No.  102. 
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a  truncated  cone,  which  reminds  us  of  the  form  of  the  Coto- 
paxi,  and  which,  according  to  a  geodesic  measurement  made 
by  me  at  the  west  of  Ibague,  is  the  highest  summit  of  the  An- 
des in  the  northern  hemisphere.*  A.  rivulet  which  emits  con- 
siderably the  smell  of  sulphuretted  hydrogen  descends  from 
the  Peak  of  Tolima,  ana  proves  that  the  trachytes  which 
have  penetrated  the  granitic  rocks  also  contain  sulphur. 
Two  learned  travellers,  M  M.  Rivero  and  BoussingauU,  have 
recently  visited  this  little  solfatara  in  the  micaceous  schist  of 
Quindiu :  they  have  sent  some  specimens  to  the  cabinet  of 
the  Ecole  des  Mints  at  Paris,  which  contains  the  most  com- 
plete and  instructive  series  of  geognostic  specimens.  Follow- 
ing the  Cordillera  of  the  Andes  southwards,  these  same  alter- 
nations of  primitive  formations,  and  of  porphyritic  and  tra- 
chytic,  are  found : — but  what  was  my  surprise,  when  beyond 
the  equator  I  ascertained  that  the  celebrated  mountain  of  sul- 
phur ofTicsan  (S.  lat.  2°  Icy),  between  Quito  and  Cuenca,  is 
neither  composed  of  trachyte,  nor  of  chalk  or  of  gypsum, 
but  of  micaceous  schist. 

This  mountain  of  sulphur,  which  the  Indians  call  Quello^  is 
situated,  according  to-  my  barometric  measurement,  at  the 
height  of  8000  feet  above  the  level  of  the  ocean.  It  is  entire* 
ly  composed  ol  primitive  micaceous  schist  (^glimmerschi(fer)^ 
which  is  not  even  anthracitic,  as  are  the  varieties  of  this 
rock  peculiar  to  transition  countries.  In  some  very  deep  ra- 
vines between  Ticsan  and  Alausia,  the  micaceous  schist  is  seen 
resting  on  gneiss.  The  sulphur  Is  contained  in  a  stratum  of 
quartz  which  is  more  than  12,00  feet  thick  :  it.  lies  in  a  toler- 
ably regular  direction,  N.  18**  E.,  and  inclined  like  the  mica- 
ceous schist  from  70®  to  80°  to  the  north-west.  The  bed  of 
quartz,  which  passes  sometimes  into  the  hornstone,  is  wrought 
in  an  open  working.  The  declivity  of  the  Cerro  Quello^  on 
which  the  works  were  begun  some  centuries  since,  is  oppo- 
site to  the  south-south-east ;  and  the  bed  of  quarts  appears 
to  be  prolonged  towards  the  north-north-west,  that  is  to  say, 
towards  the  coast  of  the  Pacific  Ocean.  It  is  Iiowever  as- 
serted that  the  sulphur  has  not  been  found  on  the  surface  of 
the  ground  in  this  direction  to  the  distance  of  2000  toises 
from  Ticsan.  All  is  covered  there  with  a  thick  vegetation. 
Towards  the  end  of  the  eighteenth  century,  masses  of  sulphur 
Vferc  still  worked,  which  were  from  2  to  3  feet  in  diameter. 
At  present  they  are  working  some  quartzose  strata  much  less 

*  Height  18^21  feet;  N.  lat.  14P4S\ 
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jick,  in  which  the  sulphur  is  only  dispersed  in  nodules  from 
3  to  4  inches  thick.  It  is  observed  that  the  quantity  of  sul- 
phur increases  with  the  depth  ;  but  the  working  has  been  so 
unskilfully  directed  that  the  lower  strata  are  nearly  inacces- 
sible. Tiie  'Quartz  in  which  the  sulphur  is  dispersed  presents 
neither  great  fissures  nor  cavities,  or  Sruses  ;  nor  have  I  been 
able  to  find  any  specimen  of  crystallized  sulphur. 

The  mineral  which  is  the  object  of  the  working  of  the  Cerro 
Quelle  does  not  form  a  mass  of  complication  of  veins,  as 
might  be  supposed :  the  sulphur  is  disseminated  without  any 
continuity  by  little  masses  in  the  quartz  which  traverses  the 
micaceous  schist  in  a  direction  parallel  to  its  strata.  The 
clefts  that  have  perhaps  formerly  united  these  masses  are  no 
longer  v'sible,  btit  all  the  quartz  seems  to  have  undergone  an 
extraordinary  change.  It  is  tarnished,  often  brittle,  and 
breaks  in  some  parts  on  the  least  shock ;  which  indicates  an 
imperceptible  cleavage.  The  temperature  of  the  rock  did 
not  difier  from  that  of  the  exterior  air.  The  inhabitants  like 
to  attribute,  the  violent  earthquakes  to  which  their  country 
has  been  sometimes  exposed  to  concavities  which  they  sup- 
pose to  exist  under  the  mountain  of  sulphur.  If  this  hypothe-* 
sis  l;>e  well  founded,  it  must  be  admitted  that  the  cause  which 
it  indicates  acts  but  locally.  In  the  great  catastrophe  of  the 
4th  of  February  1797,  which  destroyed  so  many  thousand 
Indians  in  the  province  of  Quito — the  three  places  where 
there  is  the  most  sulphur,  the  Cerro  Quello,  the  Azufral  of 
Cuesaca  near  to  the  villa  of  Ibarra,  and  the  Machay  of  Saint 
Simon,  near  the  volcano  of  Antisana,  were  but  very  feebly 
agitated ;  but  at  a  much  eai'lier  period  there  has  been  expe- 
rienced, even  on  the  bed  of  quartz  which  includes  the  sulphur 
noar  Ticsan,  an  explosion  similar  to  that  of  a  mine. 

The  bed  of  quartz  appears  at  the  surface  on  the  two  sides 
of  the  little  river  of  Alausi ;  and  facing  the  Cerro  Quello  is 
found  a  little  plain,  where,  in  the  seventeenth  century,  was 
situated  the  village  of  Ticsan.  The  ruins  of  the  church  of 
Pveblo  Viejo  are  still  seen.  An  earthquake  wholly  local  (for 
its  effects  were  confined  to  a  very  small  space  of  country) 
made  the  surrounding  hills  sink  down :  a  part  of  the  village 
sunk :  another  part  was  thrown  into  the  air,  as  happened  at 
Riobamba,  where  1  found  the  bones  of  the  unfortunate  in- 
habitants of  the  town  thrown  on  the  Cerro  de  la  Culca,  to  a 
height  of  several  hundred  feet.  The  Indians  of  Ticsan  who 
survived  this  catastrophe  constructed  their  habitations  more 
to  the  north,  far  from  the  mountain  of  sulphur  whose  neigh- 
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bourhood  they  dreaded.  It  may  be  that  the  coincidence  of 
tliese  pbcenomena  of  exploeton  and.  of  th^  position  (gisement) 
of  a  substance  easy  to  be  converted  into  elastic  vapours  has 
only  been  accidental,  but  it  may  be  also  that  ancient  commu- 
nications with  the  interior  of  the  globe,  those  upon  which  is 
formed  by  sublimation  the  immense  deposit  of  sulphur,  be- 
came re-established  from  timr  to  time,  and  allow  the  volcanic 
forces  to  shake  the  surface  of  the  soil.  Near  the  ruins  of 
Pueblo  Viejo  of  Ticsan  1  found  a  hill  of  gypsura  lying  above 
thc^micaceous  schist :  as  this  hill  is  not  covered  by  other  for- 
mations, it  is  difficult  to  decide  whether  the  gypsum,  partly 
fibrous  and  mixed  with  clay,  is  primitive,  like  thai  of  Val  Ca- 
naria,  or  transition,  like  the  gypsum  of  the  Tarentaise. 

The  abundance  of  sulphur  in  primitive  countries  is  a  very 
important  geological  fact,  in  relation  to  the  study  of  volcanos 
and  of  rocks,  through  which  the  subterraneous  ore  has  open- 
ed itself  a  passage.  Before  1  had  visited  the  Andes  of  Quito 
and  the  mountain  of  Ticsan,  sulphur  was  known  only  in  the 
transition  limestone  and  gypsum;  in  the  gypsums, marles  and 
muriatiferous  clays  of  secondary  countries,  and  in  the  rocks 
exclusively  called  volcanic.  These  different  geological  situa- 
tions, to  which  may  be  added  the  tertiary  districts,  very  ill 
explained  the  frequency  of  the  sulphureous  vapours  exhaled 
bv  the  mouths  of  the  volcanos,  wnose  centre  of  action  was 
placed  (and  doubtless  with  propriety)  very  much  below  the 
secondary  and  intermediate  rocks.  In  proportion  as  we  be- 
come acquainted  with  a  greater  part  of  the  globe,  we  not  only 
see  positive  geognosy,  that  is  to  say,  the  view  of  the  forma- 
tions and  of  the  ^eologkal  positions  extended ;  but  even  seo^ 
ony^  or  systematic  geognosy,  the  conjectural  science  which 
investigates  the  causes  of  phosnomena,  oeHns  to  be  founded  on 
the  analogy  of  more  certain  facts.  We  may  have  been 
struck  for  some  time  past  with  the  litde  masses  of  native  sul- 
phur which  are  disseminated  in  some  metalliferous  veins,  and 
which  traverse  granitic  rocks ;  for  example,  in  Schwarzwald, 
near  Riepoldsau.  The  mountain  of  Ticsan  which  I  have 
made  known  leaves  no  further  doubt  respecting  the  existence 
of  sulphur  in  the  primitive  districts.  It  his  also  l^en  lately 
found  in  Brazil,  that  the  chloritic  quartz  formation  which 
covers,  in  the  Capitania  de  Minas  Geraes,  the  primitive  clay- 
slate  contains  both  gold  ar.d  sulphur.  Laminae  of  this  rock 
strongly  heated  hum  with  a  blue  flame.  Near  to  Villarica, 
in  the  district  called  Antonio  Pereira,  a  schist,  of  the ,  same 
age  as  that  on  which  is  superposed  the  intacolumite  or  chlo* 
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itic  quartz^  conlBins  a  calcareous  bed  traversed  by  veins  of 
quarts,  wbtcli  the  Baron  d^Eschwege  (director  of  the  gold 
and  diamond  mines  of  these  countries)  has  found  filled  with 
Iktle  nodules  of  pulverulent  sulphur.  All  these  phenomena 
increase  in  interest,  when  we  reflect  that  this  learned  geolo- 
gist, and  also  another  German  traveller  (M.  Pohl),  incline  to 
the  opinion  Chat  gold,  micaceous  iron,  diamonds,  euclases, 
plaiina,  itnd  palladium,  which  are  peculiar  to  the  alluvial  dis- 
tricts of  Braeil,  have  been  derived  either  from  the  destruction 
of  the  great  forttiation  of  chlorilic  quartz,  or  from  that  of  a 
ferruginous  bed  (t^oian/^)',  which  is  placed  above  this  for- 
mation. 


Art.  UV.'^^ccamt  of  the  Erection  of  the  Bell  Rock  Li^t^ 
house.    [JBdm.  PhUos»  JourJ] 

Ws  so  rarely  meet  with  minute  details  by  scientific  meti  of 
th^  operations  of  our  great  natianal  works,  that  we  gladly 
embrace  the  present  opportunity  of  giving  our  readres  an  ac- 
count of  one  of  the  most  difficult  Undertakings  of  which  the 
present. age  can  boast. 

Our  information  is  chiefly  derived  from  Mr  Stevenson's 
l^^e  work,  entitled,  "  Account  of  the  Bell  Rock  Lighthouse, 
including  the  details  of  the  erection  arid  peculiar  structure  of 
that  edifice.''  This  work  extends  to  more  than  500  pages  of 
royal  quarto,  and  is  illustrated  with  23  engravings.  We  un- 
der staiid  that  only  340  copies  were  printed  for  sale :  the  cuv 
culation  must  therefore  be  very  limited,^  and  it  must  speedily 
become  a  scarce  book* 

In  an  introductory  chapter  an  account  is  given  of  the  institu- 
tion of  th.e  Scottish  Lighthouse  Beard  iiithe  year  1786,  and  of 
the  progress  of  its  various  woiicsiRl  the  year  1 8S4.  The  authcnr 
who  was  himself  the  engineer  and  director  of  many  of  the 
works,  enters  upofl  an  account  of  the  principal  undertaking,  by 
^ving  a  sketch  of  the  natural  history  of  the  Bell  Rock  itself,  ft 
IS  a  sunken  reef  of  red  sandstone.*  the  highest  part  only  be- 
ing uncovered  at  ordinary  ebb-tides.  The  nearest  land  to 
the  Bell  Rock  is  the  town  of  Arbroath,  from  which  it  lies  in 

^  This  red  nndstone  belong  to  the  old  red  sandstone  formatioD  which  lies 
under  the  oldest  secondary  coal  fonnation.^*£piT. 
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a  south-eastern  directiot),  about  eleven  miles  distant.  The 
dimensions  of  the  part  of  the  rock  which  becomes  dry  ia 
spring-tides,  are  about  400  feet  in  length,  and  250  feet  in 
breadth,  and  at  flood-tide  the  whole  rock  is  from  10  to  12 
feet  under  water.  It  presents  a  very  rugged  surface.  The 
sandstone  is  similar  in  qudility,  and  in  geognoslical  character, 
to  that  found  at  the  Redheadf  in  Angusshire,  and  on  the  op^ 
posite  shores,  near  Dungtass  in  Berwickshire.  The  author 
concludes  that  the  Bell  Rock  may  have  been  the  nucleus, 
now  the  remains,  of  a  mass  of  land,  which,  at  no  very  remote 
period  in  the  history  of  the  globe,  may  have  formed  a  small 
island  above  the  reach  of  the  highest  tides.  Its  present  vege- 
tation consists  only  of  sea  plants ;  sonie  bf  them,  such  as  Fu- 
cus  lycopodioides,  not  of  common  occurrence  on  our  coast. 
It  is  the  occasional  resting-place  of  the  seal  and  the  cormo- 
rant ;  and  it  is  the  chosen  residence  of  numerous  marine  ver- 
mes. One  of  these  (the  Limnoria  terrd>rans)^  though  a  des- 
picable looking  insect  compared  with  the  Teredo  navaUsj 
proves  equally  injurious  to  timber  placed  within  its  reach. 
The  author  sives  an  account  of  its  destructive  effects,  not  on- 
ly on  the  Bell  Rock  Beacon,  but  on  the  sea-locks  of  different 
canals ;  and  we  understand  that  he  has  still  (1824)  a  train  of 
experiments  going  forward  on  the  Bell  Rock ;  several  speci- 
mens of  fir,  larch,  oak,  teak,  and  other  soft  and  hard  woods 
being  fixed  down  on  the  rock,  and  a  register  bemg  kept  of 
the  progress  of  the  animal  in  its  work  of  destruction  upon  the 
several  kinds  of  timber.  During  the  continuance  of  the 
works,  opportunities  were  also  afforled  of  noticing  the  habits 
of  some  species  of  littoral  fishes.  These  were  so  regular  in 
their  visits  to  the  shallower  fishing-grounds,  that  the  seamen 
engaged  in  these  works  often  prognosticated  the  state  of  the 
weather  with  wonderful  accuracy,  from  the  abundance  or 
scarcity  of  particular  kinds  offish. 

In  regard  to  the  depth  of  the  sea  near  the  Bell  Rock,  it 
appears  that,  at  the  aistance  of  about  100  yards,  in  a  low 
state  of  the  tide,  the  water  varies  from  two  to  three  fathoms 
in  depth.  Between  the  Rock  and  the  oppdkite  shores  of  Fife, 
the  greatest  depth  is  23  fathoms ;  but  on  the  southeast  or 
seaward  side,  it  increases  suddenly  to  35  fathoms.  The  ob- 
servations made  upon  the  currents  at  the  rock  are  curious. 
Although  a  mere  spot  on  the  surface  of  the  ocean,  it  produ- 
ces all  the  remarkable  phenomena  of  in-shore  and  on-shore 
tides,  which  are  noticeable  on  the  projecting  coasts  of  the 
mainland,  or  an^ong  the  Scottish  islands* 
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Among  the  earlier  attempts  made  to  erect  some  distinguish- 
ing mark  or  guide  for  the  mariner  upon  this  dangerous  reef, 
the  exertion^  of  Captain  Brodie  of  the  Rojal  Navy  are  par- 
ticularly mentioned*  He  succeeded  in  erecting  a  wooden 
beacon  upon  it,  which  stood  for  some  time*  Mr  Stevenson's 
first  landing  upon  the  rock  appears  to  have  been  in  the  sum^ 
mer  of  the  year  1800,  when  the  boat's  crew  picked  up  a  va- 
riety of  articles  of  shipwreck,  comprising  a  soldier's  bayonet 
and  a  cannon-ball,  a  hinge  and  lock  of  a  door,  a  ship's  mark- 
ing-iron and  part  of  a  cambous,  several  pieces  of  money,  a 
shoebuckle,  &c.  On  this  occasion,  he  became  [perfectly  satis- 
fied of  the*  practicability  of  erecting  a  stone  lighthouse  on  this 
fatal  spot,  upon  principles  similar  to  that  of  the  Edystone  in 
the  English  Channel.  His  report  to  the  Commissioners  for 
Northern  Lighthouses,  and  also  that  of  the  late  eminent  Mr 
Rennie,  who  was  consulted  upon  the  subject  in  the  year  1805, 
are  given  in  an  Appendix  to  the  work.  A  bill  was  originally 
brought  into  Parliament  in  the  year  1803,  but  was  Tost  in 
consequence  of  its  embracing  what  was  considered  as  too 
wide  a  range  of  coast  for  the  collection  of  the  duty.  Another 
bill  was  introduced  into  Parliament  in  1806,  which  passed 
into  a  law,  and  the  works  commenced  in  the  following  year. 

From  the  insulated  and  distant  situation  of  this  rock,  the 
first  object  was  to  moor  a  tender  for  the  exhibition  of  a  tem- 
porary light,  and  for  the  convenient  residence  of  the  artifi- 
cers. A  vessel  was  also  provided  for  conveying  workmen 
between  the  shore  and  the  rock.  Quarries  were  opened  near 
Aberdeen  for  supplying  granite  for  the  outward  courses  of 
the  building,  and  at  Kingoodie,  near  Dundee,  for  supplying 
sandstone  for  the  interior.  The  principal  establisnment 
ashore  was  fixed  at  Arbroath,  where  a  large  inclosure  was 
procured  for  the  preparation  of  the  stones,  connected  with 
barracks  for.  the  accommodation  of  the  artificers.  On  the 
7th  of  August  1807,  Mr  Stevenson, 'accompanied  by  Mr  Pe- 
ter Log'in,  his  principal  assistant,  and  a  few  artificers,  went 
off  to  the  Bell  Rock,  fixed  upon  the  site  of  the  lighthouse, 
and  commenced  the  works  by  cutting  away  a  thick  coating 
of  large  sea-weed  (^Fucus  digitatiis  and  esculentus)^  and  tracing 
the  foundation  of  the  lighthouse  with  pick-axes  upon  the  rock. 
On  this  occasion,  it  was  stipulated,  that  those  workmen  who 
went  to  the  rock,  should  remain  one  month  without  going 
ashore ;  while  the  workmen  in  their  turn  stated  their  terms  at 
20s.  per  week,  "  summer  and  winter,  wet  and  dry,  with  free 
quarters  and  victuals  when  at  the  rock : — As  for  Sunday's 
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work  and  {irenHUUH  we  leave  tikat  te  tke  boaeur  ef  our  em- 
ployers." 

Id  the  first  stage  of  the  works,  two  or  three  hours^  labour 
upon  ibe  rock  was  consiaered  a  good  tide's  work  ^  at  the  con- 
elusion  of  which,  the  ajlificers,  carrying  with  them  all  theiip 
tools  and  iroplenients,  had  to  betake  themselves  to  their  bockts, 
and  to  proceed,  often  under  many  disadvantages,  to  the  ten* 
der,  which  was  moored  in  the  offing-    The  erection  of  some 
temporary  refuge  on  the  rock,  in  case  of  accident  to  the 
boats,  formed  part  of  Mr  Stevenson's  original  design,  and  he 
accordingly  lost  no  time  in  setting  about  the  construction  of 
a  wooden  beacon-house.     This  indispensable  accompani- 
ment to  the  works  was  successfully  completed  in  the  latter 
end  of  September,  and,  as  the  author  e^tpresses  it,  ^^  robbed 
the  rock  of  much  of  its  terrors,  and  gave  a  facility  to  the 
works  which  could  not  otherwise  have  been  attained."    The 
want  of  such  an  accommodation  at  the  building  of  the  Edy- 
stone  Lighthouse,  where  the  smallness  of  the  superficial  di- 
mensions of  the  rock  did  not  admit  of  such  an  erection,  form- 
ed one  of  Mr  Smeaton's  chief  difficulties.    The  Eklystone 
'  does  not  lie  nearly  so  low  in  the  water  as  the  Bell  Rock,  and 
consequently  the  cubical  contents  of  the  building  projected 
by  Mr  Stevenson  were  nearly  double  those  of  Mr  Smeaton's 
lighthouse.    The  erection  of  this  temporary  beacon-house 
forms  perhaps  one  of  the  most  interesting  parts  of  the  under- 
taking.   The  principal  beams,  which  were  six  in  number, 
were  about  50  feet  in  length,  and  formed  a  conunon  diameter 
at  the  rock  of  about  35  feet,  while  thev  met  in  a  point  at  the 
top,  and  were  strongly  bolted  and  girded  with  hoops  of  iron« 
At  their  base,  they  were  fixed  to  the  rock  with  great  iron 
'stanchions,  weighing  about  140  lb.  each,  which  were  sunk 
into  the  rock  about  20  inches,  and  were  wedged  with  succes- 
sive slips  of  fir,  oab,  and  iron.     As  the  works  depended  so 
entirely  upon  the  state  of  the  weather,  and  the  condition  of 
the  tides,  they  were  continued  on  Sundays,  and  at  ni^ht  by 
torch-light,  during  the  ebb.     Under  such  perilous  circum- 
stances, it  may  readily  be  supposed,  that  several  hair-breadth 
escapes  were  experienced.    On  one  occasion,  the  tender 
broke  adrift,  carrying  with  her  one  of  the  artificer's  boats, 
and  thereby  leaving  thirty-two  persons  upon  the  rock,  liable 
to  be  overwhelmed  upon  the  return  of  flood-tide ;  indeed,  had 
not  a  boat  accidentally  come  from  Arbroath  with  letters  to 
the  engineer,  they  must- in  all  probability  have  perished. 
Upon  another  occasion,  they  experienced  a  very  severe  gale 
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oa  board  of  the  tender,  when  the  vessel  again  broke  adrift. 
After  thisy  great  difficulQf  was'  found  in  procuring  sailors  to 
man  this  *^  forlorn  hope"  of  a  vessel.  Prior  to  die  erection 
of  the  temporary  beacon  (or  the  ^  hurricane-house,^  as  the 
sailors  termed  it),  the  smith's  forge  was  batted  to  the  rock  i 
and  bis  great  bellows  having  to  be  removed  every  tide,  form- 
ed no  small  charge  to  the  landing-master's  crew.  In  this 
state  of  things,  it  not  unfrequently  happened,  that,  while  the 
amiih  was  busily  employed  in  sharpening  the  artificer's  tools^ 
the  tide  would  imperceptibly  but  rapidly  rise,  immerse  him^ 
self  in  water,  and  effectually  quench  his  fire  in  a  moment* 
Such  was  the  relief  experienced  in  this  particular  by  the 
erection  of  the  beacon^house,  that,  when  the  smith's  appara- 
tus was  set  a-going  upon  it,  the  seamen  and  artificers  literally 
shouted  with  joy. 

In  the  progress  of  the  works  in  summer,  1808,  a  consider- 
able shipping  establishment  was  found  indispensable.     Be- 
sides the  fioating^light  ship,  which  was  permanently  moored 
off  the  rock,  a  schooner  of  80  tons  was  provided  as  the  prin- 
cipal tender.     Stone-lighters  of  40  tons  were  also  provided, 
for  the  conveyance  of  the  materials ;  and  likewise  three  praam- 
boats,  each  capable  of  carrying  about  10  tons  upon  deck. 
These  last  were  employed  for  removing  the  stones  from  the 
lighters  anchored  off  the  rock,  to  the  wharves  and  cranes 
formed  upon  the  rock.    They  were  doubly  fortified  by  a 
water-tight  ceiling  or  lininff,  in  case  of  damage  by  being 
grounded  upon  the  rock,  and  were  ferther  prepared  for  the 
worst  by  a  number  of  empty  casks,  which  were  stowed  under 
deck,  and  were  of  themselves  capable  of  keeping  the  praams 
afloat.    There  were  also  several  attending-boats  for  trans- 
porting the  artificers  from  the  tender  to  the  rock ;  and  one  of 
these  was  fitted  up  as  a  life-boat  upon  Greathead's  principle. 
The  moorings  of  the  various  craft  consisted  of  chains,  with 
cast-iron  mushroom  anchors,  admirably  adapted  to  the  situa- 
tion.   Tracks  of  iron  rail-ways  were  laid,  upon  one  level^ 
alcgag  the  rough  and  uneven  surface  of  the  rock,  on  which  the. 
great  blocks  of  stone  were  wheeled  .upon  waggons,  also  con- 
structed chiefly  of  cast-iron.    The  little  wharfs  were  provided 
with  cranes  adapted  to  the  peculiarities  of  the  respective  situa- 
tions.    A  descriptive  account  is  given  in  the  volume  of  the 
'  various  cranes,  sling-cart,  stone-jack,  wmch-machine,  and 
Lewis-bat  for  quarrying  purposes,  of  the  moulds  for  stone- 
cutters, pumps,  and  other  machinery,  in  a  detailed  manner, 
which  must  be  highly  interesting  and  useful  to  the  engineer 
and  the  architect. 
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While  engaged  in  this  undertakmg,  notwithstanding  all  its 
difficulties,  the  artificers  seem  to  have  spent  their  time  in  a 
very  happy  and  cheerful  manner,  and  to  have  been  well  sat- 
isfied with  their  rations  of  provisions,  pay,  and  premiums. 
At  first  the  whole  time  of  flood-tide  was  a  period  of  leisure. 
On  these  occasions,  in  good  weather,  some  were  seen  busy  at 
their  books,  others  were  musically  inclined,  and  many  found 
amusement  in  fishing.  The  only  evil  they  seem  to  have 
complained  of  was  sea-sickness,  for  which  even  time  itself 
haraly  proved  a  cure,  owing  to  the  excessive  rolling  of  the 
ships.  They,  therefore,  strained  every  nerve  to  fit  up  a  bar- 
rack upoQ  the  beams  of  the  beacon,  which  was  at  once  to 
relieve  them  from  the  constant  liability  to  sickness,  and  from 
the  danger  and  perplexity  ot  the  movements,  both  by  night 
and  day,  in  boats  to  and  from  the  rock.  The  force  of  habit, 
however,  under  such  perilous  circumstances  is  finely  exem- 
plified in  the  testimony  borne  by  Mr  Stevenson  to  the  readi- 
ness with  which  men,  little  versant  in  sea  affairs,  were  brought 
to  embark  with  alacrity,  and  to  work  with  the  tool  in  one 
hand,  and  the  lighted  torch  in  the  other,  on  a  solitary  sunken 
rock,  at  midnight  and  in  darkness,  amidst  the  howling  of  the 
wind  and  roaring  of  the  waves.  On  one  occasion,  the  author 
expresses  himself  thus : 

"  The  wind  being  at  south-east  this  evening,  we  had  a  pret- 
ty heavy  swell  of  sea  upon  the  rock,  and  some  difficulty  at- 
tended our  getting  off  in  safety,  as  the  boats  got  a-ground  in 
the  creek  and  were  in  danger  of  being  upset.  Upon  extin- 
guishing the  torch  lights,  about  twelve  in  number,  the  dark- 
ness of  the  night  seemed  quite  horrible ;  the  water  being  also 
much  charged  with  the  phosphorescent  appearance  which  is 
familiar  to  every  one  on  shipboard  ;  the  waves,  as  they  dash- 
ed upon  the  rock,  were  in  some  degree  like  so  much  liquid 
flame.    The  scene,  upon  the  whole,  was  truly  awful.'' 

By  strenuous  and  unremittmg  exertions,  the  beacon-house 
was  erected,  and  the  foundation  of  the  building  prepared^  by 
the  middle  of  the  month  of  July  in  the  second  season  of  <he 
work.  The  foundation  had  the  appearance  of  a  great  circu- 
lar platform  of  compact  red  sandstone,  measuring  42  feet  in 
diameter,  surrounded  by  an  irregular  margin  of  rock,  rising 
from  18  inches  to  5  feet.  In  the  work-yard  at  Arbroath, 
where  the  materials  were  prepared,  the  first  and  second  cour- 
ses of  the  lighthouse  now  lay  ready  for  being  shipped  for  the 
rock.  Each  stone  was  accurately  marked,  so  that  its  rela- 
tive position  in  the  building  on  the  rock  could  at  once  be  re- 
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cognised*  The  stones  were  cut  of  a  dovetail  form,  on  a  plan 
similar  to  those  of  the  Edystone  Lighthouse.  The  founda- 
tion-stone at  the  Bell  rock  was  laid  by  Mr  Stevenson,  with 
masonic  ceremony,  on  the  10th  of  July,  1808.  Upon  this 
occasion,  the  author  remarks : 

<^  Whether  we  consider  this  building  as  an  erection  of  great 
difficulty,  or,  in  a  nautical  point  of  view,  as  adding  much  to 
the  comfort  and  protection  of  the  mariner,  and  safety  of  prop- 
erty, upon  a  range  of  coast  extending  almost  to  the  whole 
eastern  shores  of  Great  Britain,  its  importance  is  evident.  If 
it  be  proper,  therefore,  on  any  occasion,  to  attach  impor- 
tance to  tne  act  of  laying  the  first  stone  of  a  public  building, 
that  of  the  Bell  Rock  Lighthouse  cannot  be  said  to-  yield  to 
any  in  point  of  interest,  either  for  the  peculiarity  of  its  situa- 
tion, or  the  utility  of  its  object*  Under  these  considerations 
it  is  obvious,  that  but  for  the  perilous  and  uncertain  nature 
of  any  arrangement  that  could  have  been  made  for  this  cere- 
mony, instead  of  its  having  been  performed  only  in  the  pres- 
ence of  those  immediately  connected  with  the  work,  and  of  a 
few  accidental  spectators  from  the  neighbounne  shore,  count- 
ing in  all  about  eighty  persons,  many  thousands  would  have 
attended  upon  an  occasion  which  must  have  called  forth  the 
first  di^itaries  of  the  country,  in  conferring  the  highest  hon- 
ours ot  masonry.  The  writer  may,  however,  confidently  af- 
firm, that,  situate  as  the  work  was,  nothing  could  add  to  the 
sensation  felt  by  all  present,  in  having  now  got  matters  in  so 
advanced  a  state,  as  to  be  able  to  commence  the  building 
operations." 

After  this  period  the  work  went  on  with  much  alacrity, 
from  ten  to  twenty  blocks  of  stone  being  generally  laid  m 
the  course  of  a  tide.  Owing  to  the  use  of  cranes,  instead  of 
the  more  ordinary  apparatus  of  sheer-poles,  much  precision 
and  facility  were  given  to  the  operations  of  the  builders,  and, 
by  the  latter  end  of  September,  the  works  were  brought  to  a 
co/iclusion  for  the  season. 

"'  The  building,  being  now  on  a  level  with  the  highest  part 
of  the  margin  of  the  foundation-pit,  or  about  5  or  6  inches 
above  the  lower  bed  of  the  foundation-stone,  is  computed  at 
388  tons  of  stone ;  consisting  of  400  blocks,  connected  with 
738  oaken  trenails,  and  1215  pairs  of  oaken  wedges.  The 
number  of  hours  of  low-water  work  upon  the  rock  this  sea- 
son, was  265,  of  which  number  only  80  were  employed  in 
building.  It  was  further  highly  satisfactory  to  find,  that  the 
apparatus,  both  in  the  workyard  at  Arbroath,  and  also  the 
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craft  and  building  apparatus  at  the  rock,  were  found  to  an* 
swer  every  purpose  much  beyond  expectation.  The  opera- 
tions of  this  season,  therefore,  afibrcled  the  most  flattering 
prospects  of  the  practicability  of  completing  the  solid  part  of 
the  Duilding,  or  first  30  feet  of  the  light<house  in  the  course 
of  another  year." 

The  builders  returned  to  their* barracks  and  work-yard  at 
Arbroath,  for  the  winter ;  and,  on  the  tender's  entering  that 
harbour,  the  artificers  were  greeted  with  cheers  from  theit 
comrades  and  friends  ashore,  who  thronged  upon  the  quays 
to  welcome  their  return.  This  season^s  success,  however, 
was  chequered  with  a  cross  accident,  in  the  loss  of  a  sailor 
from  one  of  the  stone*lighters. 

In  the  spring  of  the  year  1809,  the  operations  recommenc- 
ed. Every  thmg  was  found  to  have  withstood  the  effects  $f 
the  winter's  storm ;  all  the  courses  which  had  been  laid,  and 
the  beacon  itself,  now  in  the  third  year  from  its  erection,  re* 
maining  auite  entire.  The'  tried  stability  of  the  beacon* 
house  renaered  the  artificers  more  confident  and  more  impa- 
tient of  the  inconveniences  inseparable  from  landing  and  re- 
landing  from  the  attending  sh'p;  and,  before  the  beacon- 
house  was  fully  fitted  up  as  a  barrack,  they  took  possession 
of  it  throughout  the  day.  On  one  of  these  occasions,  how- 
ever, they  were  overtaKen  by  a  sudden  gale  of  wind,  which 
Sreventeo  the  boats  from  taking  them  offin  the  evening.  Mr 
*eter  Logan,  and  Mr  Francis  Watt,  two  of  the  overseers  at  the 
rock,  witfi  eleven  of  the  artificers,  were  necessarily  left  there  for 
30  hours,  while  the  waves  occasionally  washed  over  their  yet 
imperfectly  formed  abode.  On  this  occasion,  the  mortar-gallery 
immediately  below  them  was  carried  away  by  the  seas,  and 
one  of  the  cranes  was  broken  to  pieces  by  the  violence  of  the 
waves.  During  the  early  part  of  this  season,  one  division  of 
the  artificers  was  employed  at  completing  the  railways  upoa 
the  rock,  while  it  was  accessible ;  and  when  it  was  covered 
by  the  tide,  this  squad  was  occupied  in  fitting  up  the  beacon- 
house  as  barracks.  Hitherto  the  operations  of  the  builders 
were  wholly  confined  to  the  low  water-work.  From  the 
ereat  exertions,  however,  made  by  the  shipping  department, 
m  supplying  materials  this  season,  the  builders  now  made 
rapid  progress.  On  some  occasions,  no  fewer  than  50  blocks 
of  stone  were  brought  to  the  rock  in  the  course  of  a  tide ;  30 
of  which,  during  the  same  period,  were  sometimes  laid  by  the 
builders. 
In  the  month  of  June  1809,  the  work  met  with  some  check 
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by  the  fall  of  a  crane ;  on  which  occasion,  one  of  the  artificers 
was  severely  bruised,  and  several  of  them  narrowly  escaped. 
The  building  having  now  attained  the  height  of  the  ninth 
course,  the  guy-ropes  of  the  usual  description  of  beam-crane 
became  too  upright,  or  tauni  (to  use  the  sailor's  phrase),  and 
it  was  found  necessary  to  resort  to  other  measures.  A  new 
machine,  called  a  Balance-crane^  was  therefore  put  in  prepa- 
ration for  the  use  of  the  works  next  season  ;  in  this,  the  up- 
right shaft  was  to  be  retained  in  an  erect  position,  by  a 
iveight  acting  on  the  opposite  end  of  the  loaded  beam,  which 
was  thus  to  be  kept  in  €equilibrio» 

The  lighthouse  now  began  to  make  a  considerable  appear- 
ance upon  the  rock  at  low  water ;  and  the  tide's  work,  in 
moderate  weather,  extended  to  five  or  six  hours,  or  an  hour 
or  two  after  the  rock  was  under  water.  The  beacon-house 
was  now  fully  occupied  as  a  barrack,  smithy,  and  mortar- 

I;allery ;  and  between  this  fabric  and  the  rising  walls  of  the 
tghthouse,  a  rope-ladder  of  communication  was  distended. 

Sunday,  the  20th  of  August  1809,  was  a  remarkable  day 
upon  the  Bell  Rock,  the  entire  22d  course  of  the  building 
consisting  of  51  blocks,  being  this  day  laid ;  after  which,  for 
the  first  time,  prayers  were  read  in  the  beacpn-house,  the 
whole  workmen  being  assembled  in  one  apartment,  and  two 
of  them  joining  hands  to  form  a  desk  to  support  the  bible 
during  service.  On  the  2dth  of  this  month,  the  building  ope- 
rations were  brought  to  a  conclusion  for  the  season. 

"  ToKlay,"  says  Mr  Stevenson,  "  the  remainder  of  the 
Smeator.'s  cargo  was  landed,  and  the  artificers  laid  45  stones, 
which  completed  the  24th  course,  reckoning  above  the  first 
entire  one,  and  the  26th  above  the  rock.  l*his  finished  the 
solid  part  of  the  building,  and  terminated  the  height  of  the 
outward  casing  of  granite,  which  is  31  feet  6  inches  above 
the  rock  or  site  of  the  foundation-stone,  and  about  17  fibet 
above  high-water  of  spring-tides.'' 

At  the  commencement  of  the  works  in  spring  1810,  a  great 
stock  of  prepared  materials  was  in  readiness  at  Arbroath,  ex- 
cellent sandstone  having  been  procured  from  Milnefield  Quar- 
ry, in  the  Frith  of  Tay.  The  stones  for  the  cornice  and 
light-house,  which  had  been  procured  from  Craigleith  near 
Edinburgh,  had,  in  like  manner,  been  prepared,  and  were  in 
readiness  for  shipping  at  Leith.  It  still,  however,  remained 
a  matter  of  doubt,  whether  it  would  be  practicable  to  com« 
plete  the  lighthouse  in  all  its  compartments  during  this  sea- 
son.    But,  calculating  ffom  the  success  of  the  two  former 
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years,  while  the  work  was  low  in  the  water,  and  when  about 
1400  tons  of  stone  had  been  landed  and  built,  it  was  reason- 
able to  conclude  that  700  tons  of  masonry  might  be  erected, 
together  with  the  light-room  and  its  apparatus,  in  the  course 
of  the  summer  months. 

A  large  gangway  or  bridge  of  timber  had  been  prepared 
during  tne  winter,  to  render  the  communication  between  the 
beacon-house  and  light-house  more  perfect  than  by  means  of 
the  rope-ladder,  'fhis  gangway  was  also  calculated  to  be  of 
great  use  for  raising  the  materials  upon  the  building.  At 
taking  possession  of  the  beacon-house,  in  the  month  of  May 
1810,  the  lower  parts  of  the  principal  beams,  and  the  joisting 
of  the  lower  floor,  were  found  thickly  coated  with  a  fine 
downy  conferva,  while  the  upper  parts  were  whitened  with 
the  mute  of  the  numerous  sea-fowl  which  had  roosted  upon  it 
during  winter. 

The  first  circumstance  attended  to  in  commencing  the 
building  operations  of  1810,  was  to  fix  upon  the  proper  posi- 
tion of  the  entrance-door  of  the  lighthouse.  In  this  Mr  Ste- 
venson was  assisted  by  carefully  observing  the  range  of  the 
sea  upon  the  solid  part  of  the  building,  and  by  tracing  the 

growth  of  fuci  and  confervae  on  the  walls.  The  heaviest  seas 
eing  in  this  manner  determined  to  be  from  the  north-east, 
the  door  was  consequently  laid  off  towards  the  south-west. 
This  and  other  preliminary  steps  having  been  taken,  the  first 
cargo  of  stones  was  brought  to  the  Rock  about  the  middle  of 
May ;  and,  from  the  very  complete  and  systematic  arrange- 
ment of  the  works,  the  building  operations  were  brought  to  a 
close  during  the  month  of  August,  without  any  material  ob- 
stacle having  been  experienced.  This  grfeatly  increased  fa- 
cility in  building  was  ascribed  partly  to  the  experience  ac- 
quired by  practice  in  former  seasons,  in  landing  and  raising 
the  materials,  and  partly  to  the  admirable  adaptation  of  the 
Balance-crane,  formerly  mentioned,  for  laying  the  stones  in 
their  places  upon  the  building. 

The  works  were,  however,  occasional! v  \nterrupted,  by  the 
shipping  being  dispersed  in  gales  of  wmd,  Vhen  they  wefc 
sometimes  driven  upwards  of  forty  milesTrom  their  station. 
At  such  times  the  artificers  were  closely  cooped  op  in  their 
barrack  upon  the  rock,  in  a  state  of  painful  inactivity,  and 
with  prospects  often  very  forlorn.  A  curious,  and  rather 
alatoing  effect  of  the  Umnoria^  was  discovered  this  summer 
on  the  beams  of  the  Beacon-house.  Though  the  k)wer  parts 
of  the  fabric  were  regularly  charred  with  olazing  furze,  and 
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coated  with  thick  pitch,  to  prevent^he  attacks  of  this  insect,  while 
the  upper  parts  were  laid  over  wifh  while-lead  paint ;  yet  these 
insects  had  made  their  waj  under  the  soles  of  the  several 
beams,  where  they  rested  on  the  rock,  and  which  could  not 
be  reached  with  such  applications :  the  beams  were  found  to 
be  hollowed  out  to  some  extent  by  the  depredators,  while  the 
exterior  fibres  of  the  timber,  to  a  considerable  thickness,  were 
left  quite  entire. 

The  several  departments  of  this  work  seem  to  have  been 
laid  out  by  the  engineer  in  a  manner  which  gave  much  promp- 
titude and  effect  to  the  operations.  ^^  In  particular,  Mr  Da- 
vid Logan,  clerk  of  works  at  the  work-yard  at  Arbroath,  was 
held  responsible  for  providing  every  thing  contained  in  the 
requisition  of  the  foreman-builder  at  the  Rock ;  while  Mr 
Kennedy,  engineer's  clerk,  was  answerable  for  the  other 
parts  of  the  respective  requisitions  from  the  tender  and  bea- 
con, and  for  the  despatch  given  in  the  loading  and  sailing  of 
the  vessels.  The  masters  of  the  stone-vessels  were  accord- 
ingly directed,  on  their  arrival  by  night  or  day,  to  deliver  all 
letters  to  the  office.  In  the  same  manner,  before  leaving  the 
Rock,  regulations  for  the  proper  conduct  of  the  works  there 
were  also  instituted  ;  where  the  assistants  were  also  held  re- 
sponsible for  the  duties  of  their  several  departments ;  Mr  Pe- 
ter Logan,  for  the  execution  of  the  masonry ;  Mr  Francis 
Watt,  for  the  good  condition  of  the  Beacon-house,  railways, 
and  machinery;  Captain  Wilson  for  the  state  of  the  praams 
and  other  boats  employed  in  the  landing  of  materials,  and  for 
the  safety  of  the  stones  and  building-materials  in  transporting 
ihem  from  the  ship's  hold  till  they  were  placed  upon  the  wag- 
gons on  the  Rock.  The  steward,  Mr  John  Peters,  was  an- 
swerable for  making  the  necessary  requisitions  for  a  sufficient 
stock  of  provisions,  water,  and  fuel :  while  Captain  Taylor, 
master  of  the  tender,  was  to  see  a  proper  stock  of  these  arti- 
cles landed  and  kept  in  store  upon  the  Rock.  From  the 
great  hazard  with  regard  to  fire,  the  Beacon-house  being  com- 
posed wholly  of  timber,  there  was  no  small  risk  from  acci- 
dent ;  and  on  this  account  one  of  the  most  steady  of  the  arti- 
ficers was  appointed  to  see  that  the  fire  of  the  cooking-house, 
and  the  lights  in  general,  were  carefully  extinguished  at  sta- 
ted hours.'' 

It  d<!serves  also  to  be  remarked,  that  in  the  whole  course 
of  these  extensive  operations,  not  a  single  stone  was  lost,  or 
even  so  damaged  as  to  render  it  unfit  for  the  building,  not- 
withstanding t^e  numerous  changes  and  shiftings  from  band  to 
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hand,  which  each  stone  underwent  before  it  was  finally  laid 
with  mortar.  In  some  instances,  indeed,  blocks  of  stone  were 
lifted  from  their  beds  by  the  run  of  the  sea  :  but  none  were 
carried  entirely  away. 

The  fixtures  for  the  door  and  window-hinges  are  of  a  pe- 
culiar construi  tion,  and  seem  to  be  admirably  suited  to  the 
situation ;  their  composition,  of  tin  and  copper,  is  the  best 
that  could  be  devised.  Their  form  cannot  easily  be  des- 
cribed, but  will  be  readily  understood  by  examining  Plate 
XiX.  of  Mr  Stevenson's  work.  The  weight  of  a  set  of  these 
hinges,  with  their  Lewis-bat  tails  and  boxes,  is  no  less  than 
3  cwt*  They  are  so  applied  as  to  be  easily  withdrawn  and 
replaced,  without  interference  with  the  masonry. 

The  trenailing  and  wedging  with  oak  timber  was  continued 
to  the  height  of  upwards  of  forty  feet,  or  throughout  the 
solid  part  of  the  building.  But  Mr  Stevenson  is  induced  to 
conclude,  that  trenailing  should  be  resorted  to  only  under 
very  particular  circumstances,  as  the  boring  of  the  trenail 
holes  is  apt  to  disturb  the  bond  or  connexion  of  the  last  laid 
course.  It  is  only,  therefore,  where  the  walls  are  to  be  ex- 
posed to  the  heavy  wash  of  the  sea  that  trenailing  should  be 
applied.  The  staircase  was  constructed  like  that  of  the  Edy- 
stone. 

When  the  lighthouse  had  attained  the  height  of  the  stair- 
case, it  admitted  of  full  day^s  work  to  the  artificers;  when 
materials  could  be  landed,  they  had  even,  not  unfrequcntly, 
pay  for  six  extra  hours  per  day,  and  were  thus  in  the  receipt 
of  about  two  guineas  of  wages  and  premiums  per  week,  while 
the  foremen  had  double  allowance.  The  whole  were  kept 
board-free  at  the  rock;  and  even  the  postages  of  their  letters 
were  paid. 

We  have  already  noticed  the  manner  of  attaching  the 
lower  courses  of  the  stones,  which  was  similar  to  that 
resorted  to  at  the  Edystone,  and  we  shall  now  advert  to 
the  plan  followed  for  the  upper  or  habitable  part.  At 
the  stone  stair-case,  leading  from  the  door  to  the  first  floor, 
the  walls  are  of  the  medium  thickness  of  about  seven 
feet ;  this  thickness  gradually  diminishes  upwards,  till,  under 
the  cornice  of  the  building,  it  extends  only  to  eighteen  inches. 
The  stones  of  the  walls  of  the  several  apartments  are  con- 
nected at  the  ends  with  dove-tail  joints,  instead  of  square  jog- 
gles, as  in  the  solid  and  the  stair-case ;  while  the  bed-joirits 
are  fairly  imbedded  into  each  other  by  means  of  a  girth  rais- 
ed upon  the  one  stone  and  sunk  into  the  other.    The  floors 
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are  also  constructed  in  a  manner  which  adds  much  to  the 
bond  or  union  of  the  fabric*  Instead  of  being  arched,  which 
would  have  given  a  tendency  or  pressure  outwards  on  the 
walls,  the  floors  are  formed  of  long  stones  radiating  from  the 
centre  of  the  respective  apartments,  and  at  the  same  time 
forming  a  course  of  the  outward  wall  of  the  building ;  these 
floor-stones  are  also  joggled  sidewise,  and,  upon  the  whole, 
form  a  complete  girth  at  each  story.     In  this  manner  the 

Eressure  of  the  floors  upon  the  walls  is  rendered  perpendicu- 
ir,  while  the  side-joggles  resemble  the  groove.'andfeather  in 
carpentry.  In  the  stranger's  room  or  library,  the  roof  takes 
an  arched  form,  but  the  curve  is  cut  only  upon  the  interior 
ends  of  ihc  stones  of  the  cornice,  the  several  courses  of  which 
it  IS  composed  being  nil  laid  upon  level  beds. 

Towards  the  latter  end  of  August  the  masonry  of  the  light- 
bouse  was  completed,  and  the  operations  of  erecting  the 
lightroom  were  commenced.  The  beacon-house,  which  had 
hitherto  been  crowded  by  more  than  thirty  persons  during 
the  summer,  was  now  more  thinly  peopled.  The  Engineer 
roust  have  been  glad  to  take  leave  of  his  cabin,  after  an  un- 
interrupted residence  of  about  six  weeks  upon  the  rock  : 

"  In  leaving  the  Rock,  the  writer  kept  his  eyes  fixed  upon 
the  Lighthouse,  which  had  recently  got  into  the  form  of  a 
house,  having  several  tiers  or  stories  of  windows.  Nor  was 
he  unmindful  of  his  habitation  in  the  £eacon,  now  far  over- 
topped by  the  masonry ;  where  he  had  spent  several  weeks 
in  a  kind  of  active  retirement,  making  practical  experiments 
of  the  fewness  of  the  positive  wants  of  man.  His  cabin  meas- 
ured not  more  than  four  feet  three  inches  in  breadth  on  the 
floor ;  and  though,  from  the  oblique  direction  of  the  beams  of 
the  Beacon,  it  widened  towards  the  top,  yet  it  did  not  admit 
of  the  full  extension  of  his  arms  when  he  stood  on  the  floor ; 
while  its  length  was  little  more  than  sufficient  for  suspending 
a  cot-bed  during  the  night,  calculated  for  being  trussed  up  to 
the  roof  through  the  day,  which  left  free  room  for  the  ad- 
mission of  occasional  visitants.  His  folding-table  was  attach- 
ed with  hinges,  immediately  under  the  small  window  of  the 
apartment,  and  his  books,  barometer,  thermometer,  portman- 
teau, and  two  or  three  camp-stools,  formed  the  bulk  of  his 
moveables." 

Although  the  sea  at  times  shook  the  beacon-house,  yet,  be- 
ing of  an  open  construction,  the  waves  rolled  along  with  lit- 
tle impediment ;  and  while  the  artificers  were  wetted,  and 
even  clrivcn  off  the  top  of  the  walls  of  the  light-house,  when 
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eixty^four  feet^in  height,  the  sea  did  not  rise  upon  the  beacoa 
more  than  about  tvrenty-five  feet. 

In  the  course  of  this  month,  the  writer  notices  an  incident 
of  some  interest.  Among  the  visitors  who  came  to  see  the 
works,  was  the  late  eminent  Mr  Smeaton^s  daughter,  Mrs  Dixon, 
who  being  accidentally  in  Scotland,  and  hearing  of  the  pro- 
gress of  the  Bell  Rock  works,  on  principles  similar  to  those  of  the 
Edystone,  was  desirous  of  visiting  them.  Accompanied  by  Mr 
Stevenson,  she  embarked  at  Leith  on  board  of  the  sione- 
liffhter,  which  had  been  named  ^^  The  Smeaton,''  in  honour 
of  her  father.  The  author  adds,  that,  on  stepping  on  board, 
**  Mrs  Dixon  seemed  to  be  quite  overconae  with  so  many  con- 
current circumstances,  tending,  in  a  peculiar  manner,  to  revive 
and  enliven  the  memory  of  her  departed  father." 

Toward  the  end  of  the  month  of  October,  the  balance-crane 
and  bridge  of  communication  were  dismantled ;  the  former 
was  no  longer  necessary,  and  in  place  of  the  latter  the  rope- 
ladder  was  again  distended  ;  the  Beacon-house  being  still  oc- 
cupied as  the  place  of  accommodation  for  the  artificers  em- 
ployed in  fitting  up  the  lighthouse  and  reflecting  apparatus. 
When  the  keepers  came  to  take  possession  of  the  lighthouse 
in  the  month  of  December,  in  their  descriptions  of  the  state 
of  the  sea  upon  the  rock  during  stormy  weather,  they  repre- 
sented that  the  beacon-house,  though  upwards  of  50  feet  in 
height,  appeared  at  times  to  be  wholly  under  water ;  and  the 
fimall  boat  suspended  upon  it  during  the  summer  months, 
which  had  not  yet  been  removed,  was  washed  from  its  da- 
vits, though  placed  30  feet  above  the  rock.  During  one  of 
these  occasions,  it  was  remarked,  that  the  sprays  of  the  sea 
had  risen  upon  tha  liehthouse  to  the  height  of  no  less  than 
104  feet.  At  this  eany  period  of  the  possession  of  the  light- 
house, the  inmates  were  panic-struck  when- they  first  felt,  with 
alarm,  the  tremulous  motion  of  the  building,  when  those 
heavy  seas  struck  it  in  certain  directions. 

About  the  middle  of  the  month  of  December,  the  whole 
apparatus  and  stores  having  been  safely  landed,  and  lodged 
in  the  house,  the  light  was  advertised  for  exhibition  on  the  Ist 
of  Felwruary  1811.  On  the  afternoon  of  that  day,  it  was  ac- 
cordiDgly  exhibited ;  and  the  floating-light  was  extinguished 
as  no  longer  necessary. 

To  distinguish  this  light  from  those  formerly  established 
on  the  coast,  the  reflector-frame  is  made  to  revolve  upon  a 
perpendicular  axis,  exhibiting  periodic  flashes  of  light  of  the 
natural  appearance,  and  also  light  tinged  of  a  red  colour,  pro- 
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duced  by  intesposing  shades  of  red  glass ;  between  each  ap* 
pearance  of  light,  periodic  intervals  of  darkness  occur,  when 
the  angular  point  of  the  frame  comes  opposite  to  the  eye  of 
the  spectator.  From  these  characteristic  distinctions,  the  Bell 
Rock  is  now  steered  for  with  confidence  by  the  mariner  in 
the  darkest  night,  instead  of  being  shunned  as  an  object  of 
terror. 

The  total  mass  of  matter  in  this  interesting  building  is 
estimated  at  30b3  tons,  and  the  net  expense  is  stated  at 
£61331. 9s.  2d.  A  detailed  acc6unt  of  the  expense  is  given  in 
the  Appendix,  which,  as  shewing  the  prices  of  labour  and 
provisions,  will  form  a  valuable  document  in  future  times. 

We  have  now  traced  this  arduous  undertaking  to  its  com- 

Eletion ;  but4br  many  interesting  particulars  about  the  light- 
ouse  and  its  mode  of  management,  we  must  refer  the  reader 
to  Mt  Stevenson's  volume,  and  especially  to  the  concluding 
chapter.  During  the  first  winter  after  the  exhibition  of  the 
light,  every  opportunity  was  seized  by  the  attending  vessel 
for  landing  at  the  rock,  and  inquiring  into  the  state  of  the 
building,  its  apparatus  and  inmates ;  and  it  is  satisfactory  to 
find  that  every  thing  continued  in  the  highest  order.  The 
keepers  consist  of  a  principal,  a  principal  assistant,  and  two 
other  lightkeepers,  three  of  whom  are  always  at  the  light- 
house, while  one  is  on  leave  ashore  with  his  family  at  Ar- 
broath. Their  pay  i&  from  60  to  60  guineas  per  annum,  ac- 
cording to  their  rank.  They  have  rations  of  provisions  while 
at  the  lighthouse ;  but  while  ashore  they  find  themselves  in 
provisions.  In  their  regular  turns,  each  keeper  is  six  weeks 
at  the  rock,  and  a  fortnight  ashore,  or  from  the  one  set  of 
spring-tides  to  the  other ;  but,  during  the  winter  months,  their 
turns  depending  upon  the  state  of  the  weather  and  tides,  they 
are  sometimes  kept  at  the  rock  for  a  period  of  three  months 
together.  It  has  repeatedly  happened  that  no  communica- 
tion could  be  had  with  the  lighthouse  during  two  months.  In 
such  cases,  carrier-pigeons,  which  are  taken  off  to  the  rock 
by  the  tender,  and  let  fly  from  the  lighthouse,  with  billets 
tied  round  their  legs,  have  been  found  extremely  useful.  The 
pigeon-house  and  breeding-place  for  these  carriers,  is,  of 
course,  at  the  settlement  ashore ;  and  it  has  been  remarked, 
that  the  pigeons^,  when  despatched  from  the  rock,  do  not  fly 
directly  to  their  home,  but  invariably  make  for  the  Red 
Head,  the  nearest  high  land,  and  thence  trace  their  course 
along  the  shore.  There  is  always  in  the  lighthouse  an  extra 
stock  of  salted  provisions  and  biscuit,  equal  to  a  consumpt  of 
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70  days.  This  is  annually  renewed,  but  has  never  as  yet 
(1824)  been  required  to  be  used,  the  ordinary  fresh  supplies 
carried  out  by  the  tender,  when  she  relieves  the  keepers, 
having  been  found  sufficient  for  their  maintenance.  Attention 
to  the  necessaries  and  comforts  of  people  so  situated,  in  the 
service  of  the  public,  upon  a  sunken  rock,  far  in  the  ocean, 
under  circumstances  the  most  alarming  at  times  to  human 
feelings,  was  tobe  expected  from  a  just  and  enlightened  policy : 
And  we  have  the  pleasure  to  say,  that  the  Lighthouse  Board 
has  spared  no  pains  to  render  their  situation  as  comfortable 
as  possible.  The  interior  walls  of  the  apartments,  not  ad- 
mitting of  being  plastered,  are  smoothly  polished  and  painted, 
while  the  several  rooms  are  neatly  and  suitablv  furnished. 
Besides  a  small  library,  the  keepers  have  a  weekly  newspa- 
per, and  one  of  the  monthly  journals,  supplied  to  them ;  their 
families  are  meanwhile  comfortably  lodged  at  Arbroath,  and 
have  the  accommodation  of  a  piece  of  garden-ground,  and  a 
pew  in  the  parish  church.  Every  third  year  the  light  keepers 
are  furnished  with  a  suit  of  uniform  clothes. 

Since  the  completion  of  the  lighthouse,  the  beacon-house 
has  been  removed,  and  also  part  of  the  iron  railways,  leaving 
only  such  tracks  of  them  upon  the  rock  as  were  thought  ne- 
cessary for  landing  the  stores,  and  communicating  with  the 
lighthouse.  Instead  of  a  rope-ladder,  the  communication  be- 
tween the  rock  and  the  entrance-door,  a  height  of  about  30 
feet,  is  now  formed  by  a  brazen  stair,  which  answers  also  for 
part  of  a  thunder-rod,  and  facilitates  the  raising  of  the  stores, 
by  a  peculiar  sort  of  crane  adapted  to  this  purpose.  The  fortu- 
nate position  of  the  entrance-door  rendering  it  seldom  neces- 
sary to  shut  it  in  summer,  an  inner  door  of  brass  has  been 
hung,  which  is  found  to  be  a  great  conveniency  to  the  in- 
mates. During  storms,  when  their  double  doors,  double  win- 
dows, and  storm-shutters  are  closed,  the  light-keepers  men- 
tion, that  they  occasionally  feel  a  tremour  in  the  building, 
from  the  shocks  of  the  sea,  but  that  all  is  quiet  within,  and 
they  hear  nothing  of  the  dashing  and  roaring  noise  of  the  sea. 

We  may  remark,  that  the  plates  which  accompany  Mr 
Stevenson's  work,  extending  to  twenty-three  in  number,  are 
executed  in  a  very  masterly  style,  and  contain  numerous  dia- 
grams illustrative  of  the  structure  of  the  building,  together 
with  several  maps  of  the  coast.  The  frontispiece,  engraved 
by  Horsburgh  from  a  drawing  by  Turner,  representing  the 
lighthouse  during  a  storm  from  the  NE,  has  been  altogether 
got  up  in  a  manner  highly  creditable ;  nor  can  we  omit  prais- 
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ing  a  vignette,  shewing  the  effect  of  the  lighthoase  when  ap- 
proached under  night,  from  a  sketch  by  Miss  Stevenson, 
The  most  general  map  is  constructed  rather  upon  a  new  plan, 
having  numerous  sections,  which,  at  one  view,  shew  the  rela- 
tive depths  of  the  German  Ocean  at  various  places.  The 
building  itself  has  justly  become  an  object  of  curiosity  to  dis^ 
tinguished  foreigners,  and  to  all  who  feel  interested,  either  as 
amateurs  or  professionally,  in  the  mechanical  arts.  The  emi- 
nent French  engineer  Dupin,  who  had  visited  the  Bell  Rock 
in  1817,  occupies  a  considerable  portion  of  his  last  volume 
(1824)  on  the  Public  Works  of  Eneland  in  describing  this 
Lighthouse.  An  album  is  kept  ^t  the  lighthouse,  and  it  al- 
ready includes  the  names  of  many  celebrated  individuals. 

In  the  Appendix  is  given  a  design  for  a  lighthouse  on  the 
Wolfe  Rock,  situate  off  the  Land's  End  of  England,  where^ 
we  believe,  the  erection  of  a  lighthouse  has  been  deemed 
nearly  impracticable.  This  design  we  cannot  help  consider- 
ing valuable,  as  the  result  of  the  ample  experience,  both  prac- 
tical and  scientific,  of  Mr  Stevenson,  on  the  subject  of  marine 
buildings. 

In  the  preceding  account,  we  have  noticed  some  points  in 
which  the  Edystone  and  the  Bell  Rock  Lighthouses  closely 
resemble  each  other,  and  also  some  things  in  which  they  ma- 
terially differ.  As  we  have  been  at  some  pains  in  tracing 
these,  it  may  not  be  uninteresting  to  our  readers  to  have  them 
brought  into  a  condensed  view. 

At  flood-tide,  the  top  of  the  Edystone  rock  is  barely  cover- 
ed by  the  rise  of  the  water,  while  the  site  of  the  Bell  Rock 
Lighthouse  is  nearly  on  a  level  with  low-water  mark.  Our 
Scottish  fabric  contains  more  than  double  the  cubical  contents 
of  the  masonry  of  the  Edystone,  the  first  entire  course  of 
which  measures  only  36  feet  in  diameter,  while  that  of  the 
Bell  Rock  extends  to  42  feet.  This  disparity  of  circumstan- 
ces and  dimensions  necessarily  rendered  a  different  system  of 
landing  materials  upon  the  Bell  Rock  necessary,  ana  the  use 
of  an  apparatus  for  building,  which,  in  many  respects,  was  en- 
tirely new.  We  allude  to  the  balance-crane  and  moveable 
beam-crane  employed  in  place  of  the  sheer-poles  used  by  Mr 
$meaton.  It  is,  however,  mentioned  by  Mr  Stevenson,  with 
proper  feelings  of  respect  for  the  high  merits  of  Mr  Smeaton, 
that  the  Edystone  Rock  being  of  no  greater  extent  than  was 
necessary  for  the  foundation  of  the  building,  the  difficul- 
ties of  the  work  were  thereby  increased  to  such  a  degree,  that 
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iie  18  induced  to  conclude  that  the  lower  courses  of  the  Bell 
Rock  were,  perhaps,  upon  the  whole,  not  attended  with 
greater  hazard  and  difficulty  than  those  of  the  Edystone. 
The  larger  dimensions  of  the  Bell  Rock  gave  greater  facilities 
for  the  establishment  of  a  more  efficient  working  apparatus^ 
The  introduction  of  praam  boats,  and  a  landing-master's  crew^ 
for  the  bringing  the  materials  to  the  hands  of  the  builders; 
and  the  general  application  of  machinery,  varying  in  its  con- 
struction and  use,  according  to  the  position  aud  circumstances 
of  the  work,  will  perhaps  be  the  means  of  enabling  the  prac- 
tical engineer,  at  some  future  period,  to  extend  his  operations 
(o  far  more  difficult  situations  than  have  hitherto  been  con- 
templated.— The  same  principle  of  dovetailing  and  connect- 
ing th^  stones  of  the  lower  courses,  have  been  observed  in 
both  buildings  ;  but,  in  the  upper  or  habitable  parts  of  the 
Bell  Rock  Lighthouse,  a  new  mode  of  attachment  has  been 
adopted.  This  we  have  already  alluded  to ;  but  shall  here 
more  fully  explain.  In  the  outward  walls,  the  courses  of  the 
void  are  all  indented  perpendicularly  into  each  other  by  belts, 
or  zones^  as  Mr  Stevenson  terms  them.  This  mode  of  bind** 
jng  the  work  consists  in  previously  forming  a  belt  or  member 
upon  the  upper  bed  of  each  stone,  which  belt  is  received  into 
a  corresponding  groove  cut  into  the  under  bed  of  the  stone  to 
be  next  laid.  In  the  Edystone,  the  end-joints  of  the  stones 
of  the  void  are  secured  by  detached  joggle-pieces,  which  are 
slipped  into  them ;  instead  of  which,  the  end-joggles  at  the 
Bell  Rock  are  cut  into  dovetails  upon  the  stones  themselves, 
excepting  at  the  floors,  where  separate  dovetail  pieces  are 
employed. — The  principles  upon  which  the  floors  of  the  two 
buildings  are  constructed,  are  essentially  different.  At  the 
Edystone  the  floors  form  so  many  domes,  the  arch^tones  of 
which  are  built  in  concentric  rings  in  the  usual  manner,  and 
have  a  tendency  or  pressure  outwards  upon  the  walls.  To 
counteract  this  pressure  two  strong  iron  chains  are  imbedded 
in  the  courses,  immediately  below  and  above  the  floors.  At 
the  Bell  Rock,  the  floors  are  so  constructed,  that  the  pressure 
upon  the  outward  walls  is  perpendicular ;  and  they  are  con- 
nected as  respectively  to  form  girths  or  binding-frames  to  the 
building  at  each  storey.  The  floor-stones  are  like  those  of 
the  Edystone,  in  so  far  as  they  are  dovetailed  into  the  centre 
stone,  but  they  are  of  a  sufficient  length  to  form  at  the  same 
time  part  of  the  floor  and  outward  walls.  As  a  further  secu- 
rity, they  are  otherwise  joggled  edge-ways,  and  may  thus  be 
conceived  to  form  an  entire  stone.    In  all  the  minor  details,  the 
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BellRock  workshave  of  course  benefited  by  the  morereceot  im- 
provements  of  the  Lighthouse  Department.  The  construction 
of  the  light-room  itself,  the  reflecdng-apparatus,  and  alarm-bells 
for  sounding  in  foggy-weather,  are  all  the  most  perfect  of 
their  kind«  We  learn  also  from  Mr  Stevenson,  who  has  late- 
ly  officially  visited  the  Tour  de  Corduan,  at  the  entrance  of 
the  Garonne,  that  M.  Fresnel,  one  of  the  engineers  connected 
with  the  department  of  Chaussets  ti  Pants,  under  which  the 
lighthouses  of  France  are  placed,  has  devised  and  construct- 
ed, upon  the  most  scientific  principles,  an  apparatus  with  len^ 
ticular  lenses,  which,  from  a  lamp  with  four  concentric  wicks, 
transmits  a  most  powerful  light ;  and  that  this  apparatus  is 
likely  to  be  adopted  as  a  permanent  improvement  on  the 
coast  of  France.  On  this  subject,  it  is  not  a  little  curious  to 
remark,  that,  not  many  years  since,  when  the  Edystone 
Lighthouse  came  into  the  hands  of  the  Trinity  Board,  the 
light  had,  till  that  period,  been  produced  from  two  dozen  of 
tallow  candles,  unaided  by  reflectors. 

Since  this  article  went  to  press,  we  have  seen  the  Report 
to  the  InsHttUe  of  France  on  Mr  Stevenson's  work  by  M.  Na- 
vier,  an  engineer  of  great  promise,  who  is  now  constructing 
an  extensive  chain-bridge  over  the  Seine  at  Paris.  This  re- 
port is  discriminative,  but,  at  the  same  time,  highly  laudatory 
to  our  countryman.  The  general  character  of  the  work  is 
thus  summed  up :  '^  L'ouvrage  de  M.  Stevenson  ne  laisse  rien 
a  desirer  sur  Tnistoire  et  la  description  de  cet  important  edi- 
fice. Cet  ecrit  dont  6tre  place  au  premier  rang,  parmi  les 
'  livres  utiles  publies  par  les  ingenieurs,  pour  transmettre  i 
leurs  successeurs  la  connaissance  de  procedes  quMls  ont  em^ 
ployes." 


Art.  LVI. — On  the  Fog  of  the  Polar  Regions.  By  Professor 
Hansteen.  (Continued  from  page  451  of  this  Volume.) 
{Edm.  Phil.  Jour.] 

HuDsoN^s  Bay  and  Straits,  Baffin's  Bay,  and  the  sea  around 

Greenland,  are  distinguished,  in  a  remarkable  manner,  by  a 

-  thick  fog,  which  almost  constantly  prevails  there.    Captain 

Parry  suffered  much  inconvenience  from  this  fog,  when  he 

got  into  Lancaster  Sound,  and  into  the  Straits  discovered  byv 
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him,  which  he  calls  Barrow^s  Straits ;  and  the  more  on  dhis 
account)  that  the  compass  ceased  here  to  have  any  fixed  di- 
rection, or,  as  the  sailors  say,  it  wandered. 

Lieutenant  (now  Captain)  Franklin,  loo,  if  I  remember 
right)  experienced  the  same  thing  on  his   land  expedition, 
along  the  northern  coasts  of  America  on  the  Polar  Sea.    Cap- 
tain William  ScoresbVs  explanation  of  the  origin  of  this  fog 
seems  very  admissible,  though  there  may  be  found  other  cii^ 
cumstances  concurring  to  the  production  of  the  same  effect. 
A  similar  thick  foe  prevails  likewise  in  the  sea  which  sur* 
rounds  Terra  del  Foego.     I  have  mentioned  already,  ihat 
Don  Antonio  de  Ulloa  says,  in  his  letter  to  Marian,  that,  ia 
sailing  round  Cape  Horn,  he  found  only  a  few  moments  when 
he  could  obtain  a  slight  glance  of  the  sky.    As  the  same  fog 
is  neither  so  thick  nor  so  constant  in  other  places  of  the  same 
latitude,  in  Behring^s  Straits  for  instance,  or  south  from  the 
Cape  of  Good  Hope,  it  is  not  impossible  that  the  streaniing 
of  the  magnetic  power,  or  of  the  polar  lights,  here,  too,  {^ay- 
ed  their  part.     It  is  known  by  experience,  that,  while  these 
streamers  are  flowing,  the  sky  has  a  tendency  to  become 
opake  and  misty,     Wnile  the  polar  lights  pass*  through  the 
air,  they  must  have  the  effect,  m  penetrating  the  watery  va- 
pours^  existing  in  it,  in  a  transparent  state,  of  taking  from  them 
their  heat,  and  thereby  rendering  them  opake.    When  a 
solid  body  passes  over  into  a  fluid,  or  a  fluid  body  into  a  ga^ 
seous  state,  it  acquires  a  greater  quantity  of  heat ;  and,  in 
acquiring  it,  thus  robs  every  surrounding  body,  with  which 
it  comes  in  contact,  of  a  part  of  what  they  contain.     It  is  thus, 
in  warm  climates,  they  cool  vessels  by  surrounding  them 
with  wet  cloths ;  so  that  the  evaporation  of  the  water  in  the 
form  of  steam,  deprives  the  vessel  of  a  great  portion  of  its 
heat.    In  the  same  manner  has  Nature  provided  for  the  cool- 
ing of  the  animal  body,  in.  the  time  of  excessive  heat,  by  the 
increased  perspiration,  the  evaporation  of  which  preserves  it 
in  an  almost  unchanged  temperature.    Now,  as  the  polar 
lights  are  an  expansible  substance,  which,  in  regions  sur- 
rounding the  magnetic  poles,  is  continually  issuing  from  the 
surface  of  the  earth,  even  at  times  when  we  who  lie  at  a  dis- 
tance from  these  points  perceive  nothing  of  this,  it  may  be 
conceived,  that  this  stream,  in  passing  through  the  atmos- 
phere, is  continually  lowering  its  temperature,  and  thus,  in 
decomposing  the  watery  vapours,  producing  fog.    In  this 
manner*  too,  may  be  explained  another  well  known  phenom- 
enon.   It  might  be  expected,  that,  in  the  same  parallels,  the 
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mean  temperature  wocrld  be  every  where  nearly  the  same, 
as  the  length  of  the  day,  and  the  height  of  the  sun,  depend 
alone  on  the  latitude.  But  this  is  by  no  means  the  case.  In 
that  parallel  which  passes  the  60th  degree  of  north  latitude, 
the  temperature  is  the  lowest  in  Hudson's  Bay,  and  at  the 
south  point  of  Greenland.  As  we  approach  the  coasts  of 
Norway  it  rises,  and  in  Christiana  and  Stockholm,  is  about 
+  5**.  In  Petersburg  it  has  begun  to  descend,  and  the  far- 
ther we  advance  to  the  east  it  becomes  the  lower ;  so  that 
a  Siberian  cold  has  become  a  proverbial  expression.  Al- 
though Cape  Home  lies  in  the  d6th  degree  of  south  latitude, 
that  is  about  the  same  latitude  with  Copenhagen,  the  cold 
there  is  intolerable ;  and  yet  at  other  points  of  the  same  par- 
allel it  is  less.  It  seems  also  pretty  well  proved,  that,  in  one 
and  the  same  parallel,  the  mean  temperature  is  least  in  the 
meridians  which  pass  through  the  magnetic  poles.  Count 
Humboldt  has  rendered  this  distribution  of  temperatures  sub- 
ject, in  a  very  remarkable  manner,  to  our  observation,  by 
connecting,  on  a  chart,  all  the  fioints  where  the  mean  tem- 
perature, is  the  same,  by  a  sort  of  curve  lines,  which  he  calls 
Jsothermic  Lines.  These  lines  are  by  no  means  parallel  to 
the  equator,  as  might  be  supposed,  but  remove  to  the  greatest 
distance  from  it  in  the  Atlantic  Ocean,sinking  again  both  in 
America  and  in  the  eastern  hemisphere.  Comparing  this 
chart  with  the  lines  of  the  inclination  of  the  needle,  in  the 
seventh  table  ol  my  Mc^neiismus  dw  Erde^  it  will  be  found 
that  these  different  lines  follow  very  much  the  same  course ; 
a  circumstance  which  is  to  be  explained  in  this  manner :  A 
greater  inclination  of  the  needle  proves  a  smaller  distance 
from  the  magnetic  poles,  and  consequently,  from  the  >place 
from  which  the  polar  lights  issue.  But  if  this  meteor  has  any 
influence  on  the  temperature,  the  mean  temperature  in  the 
same  parallel  must  decrease  as  the  inclination  increases; 
and,  consequently,  the  isothermic  lines  have  the  same  cur- 
vature as  the  lines  of  inclination. 

It  is  a  matter  of  experience  perfectly  well  known  here  in 
the  north,  which  1  have  found  confirmed  by  the  observation 
of  a  good  many  years,  that  the  aurora  borealis  is  generally 
accompanied  by  strong  biting  cold.  When  a  sudden  cold 
succeeds  a  milder  day,  it  is  often  accompanied  for  the  first 
two  evenings  by  the  aurora  borealis,  and  likewise  by  a  con- 
siderable increase  of  magnetic  intensity.  These  three  phe- 
nomena are  for  the  most  part  contemporaneous ;  but  where 
they  arc  not  so,  experience  has  taught  me,  with  considerable 


543      Prof.  HamUm  on  the  Fog  of  the  Polar  Regums. 

certainty,  to  view^  the  one  as  a  near  forerunner  of  the  other. 
The  magnetic  powers  seem  thus  to  act  a  part  in  meteorology 
hitherto  unknown.  There  are,  perhaps,  various  other  powers 
unseen  by  us,  operatbg  in  the  sreat  chemical  laboratory  of 
this  globe.  The  possibility  of  this  ought  to  teach  the  prog- 
nosticators  of  the  weather  some  diffidence,  when  they  imagine 
that,  from  the  situation  of  the  heavenly  bodies,  or  a  few  cir* 
cumstances  perhaps  of  little  influence,  they  can  foresee  itd 
approaching  changes ;  while  these  are  the  result  of  the  gen* 
eral  powers  of  the  globe,  acting  from  the  centre  to  the  surface, 
and  from  pole  to  pole,  excited  by  the  light  of  the  sun  and 
moon,  ana  modified  in  countless  ways,  by  local  circumstan* 
ces  of  the  most  different  nature. 

Is  it  so,  then,  that  the  polar  lights  have  a  certain  connexion 
with  the  magnetism  of  the  earth,  and  the  diminution  of  tem- 
perature with  the  polar  lights  and  a  higher  magnetic  intensi- 
ty ?  We  are  then,  perhaps,  prepared  to  explain  the  seeming- 
ly permanent  changes  of  climate  in  certain  northern  regions 
eftbe  globe,  if  these  changes  can  be  actually  proved  to  have 
taken  place*  But  the  accurate  observation  of  temperature 
by  the  thermometer,  is  still  too  recent  a  discovery,  and  the 
range  of  thermometrical  observations  in  the  same  place,  too 
limited,  to  enable  us  to  determine  this  point  with  absolute 
certain ty«  In  the  mean  time,  the  surrounding  of  the  east  coast 
of  Greenland  with  ice,  for  a  number  of  ages,  is  a  very  re- 
markable fact.  The  magnetic  pole  in  North  America  ap- 
proaches slowly  towards  the  east ;  and  ou^ht,  therefore,  if 
the  foregoing  possibilities  have  any  reality,  m  the  succession 
of  ages,  to  surround  the  northern  part  of  our  peninsnla  with 
the  same  barrier,  by  which  it  has  for  ages  shut  out  the  east 
coast  of  Greenland  from  all  participation  in  the  commotions 
of  Europe.  However  desirable  this  might  be  in  some  res- 
pects, we  cannot  help  wishing,  on  other  accounts,  that  this 
prediction  may  turn  out  like  other  prognostications  of  the 
weather. 
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Art.  1JVU,r--^Prefes8or  Buckland's  Rq>ly  to  smw  9b$ervation$ 
in  Dr  Fleming's  Remarks  an  the  DisiribuHon  of  British  Ani- 
mals. In  a  letter  to  Professor  Jameson,  dated  Oxford,  De- 
cember 16,  1824.    [£c2tn.  Phihs*  Jour.] 

Dkar  Sir, 

Allow  me,  through  the  medium  of  your  Journal,  to  express 
my  obligations  to  Dr  Fleming,  for  the  handsome  manner  in 
which  he  has  spoken  of  my  Reliaui^B  Diluvtame  in  your  last 
Number  ;'*'  and  for  the  mild  and  gentlemanly  tone  he  has 
maintained,  whilst  expressing  bis  opinions  on  certain  points 
whereon  he  differs  from  me. 

I  perfectly  coincide  with  that  eminent  naturalist  as  to  the 
expediency  and  the  necessity  of  illustrating  the  history  of  the 
Fossil  World,  by  the  analogies  afforded  by  the  structure  and 
habits  of  living  plants  and  animals,  and  the  operations  of 
nature  now  passing  before  us ;  but  I  see  not  how  the  charge 
of  rieglecting  all  these  things  can,  with  propriety,  be  advan- 
ced by  him,  against  the  present  cultivators  of  the  science  of 
geology,  whose  foundation*stone  fas  far  as  relates  to  the  his- 
tory of  fossil  animals)  is  laid  by  Cuvier  on  the  most  accurate 
analysis  of  the  structure  of  recent  skeletons,  from  which  he 
argues  most  rigidly,  as  to  that  of  the  fossil  species  ;t  nor  am 
I  aware,  that  the  imputation  of  ignorance  of  modern  botany 
can  be  fairly  laid  to  such  illustrious  names  as  those  of  Stern- 
berg, Schlotheim,  Brongniart,  and  Rhode,  from  whose  labours 
the  subject  of  fossil  botany  is  now  receiving  illustrations;  and 
with  respect  to  the  history  of  the  formation  of  peat-bogs,  sand, 
and  marl-beds,  which  Dr  Fleming  specifies  as  points  which 
have  hitherto  been  too  much  neglected  by  geologists,  I  need 
only  appeal  to  the  accurate  and  able  observations  of  Professor 
Jameson  and  Dr  Macculloch, — to  the  copious,  and,  on  these 
subjects,  most  judicious  pages  of  Deluc, — ^to  the  voluminous  fol- 
ios of  the  Irish  Bog  Reports, — and  to  the  numerous  papers 
that  occur  in  the  Philosophical  Transactions, — to  shew,  that 
the  history  of  peat,  sand,  and  marl,  which  Dr  Fleming  slates 
"  to  have  been  neglected  as  too  recent  for  inquiry  or  specu- 

*  See  Boston  Journal,  vo\.  ii.  p.  316. 

t  J*ai  done  du  me  preparer  k  oes  recberebea,  par  des  reeberches  bien  plas 
longuea  sur  les  animaux  existans ;  une  revue  presque  g^n^rele  de  la  creation 
actoelte  poavoit  seole  dbnner  nn  caractere  ddmonstration  k  mes  r^sultats  sur 
cette  creation  anoienne.-^CumVi  Rech«rehe$  iwr  les  Oucment  FouiUif  Dis- 
Goors  PreUminalr^i  1821 ,  vol.  i.  p.  1. 
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lation,^'  has  received  its  due  share  of  attentioD  from  the 
most  eminent  writers  that  have  yet  occupied  themselves  with 
the  study  of  the  physical  structure  of  the  earth. 

With  respect  to  the  matters  at  issue  between  Dr  Fleming 
and  myself,  as  it  appears  to  me  that  his  objections  arise 
chiefly  from  a  mistaken  or  imperfect  view  of  the  facts  on 
which  his  arguments  are  founded,  ]  beg  to  submit  to  his  con- 
sideration, and  that  of  the  readers  of  your  Journal,  the  fol- 
lowing points,  on  which  I  consider  hi^  ideas  to  be  erroneous; 
forbearing  to  enter  into  the  arguments  he  has  derived  from 
them,  since,  if  the  facts  arc  misconceived,  his  conclusions 
will,  of  course,  follow  the  fate  of  the  premises  from  which 
they  are  deduced. 

1.  Dr  Fleming  objefcts,  that  the  distinctions  I  have  drawn 
between  Post-diluvian  and  Diluvian  deposits, — or,  in  other 
words,  between  local  deposits,  which  can  be  referred  to  ex- 
isting causes,  and  those  more  extensive  collections  of  water- 
worn  detritus,  which  have  resulted  from  some  single,  and 
transient,  and  universal  inundation  of  the  surface  of  our 
planet, — are  not  sufficiently  established.     And, 

2.  He  thinks  the  remains  of  animals  that  occur  in  what  I 
consider  the  deposits  of  this  inundation,  may  be  referred  to 
genera  and  species  that  have  gradually  perished'  by  local 
accidents,  or  been  extirpated  by  man. 

To  the  first  of  these  points  I  shall  offer  no  other  reply  than 
to  refer  him  to  the  distinctions  between  alluvium  and  dilw- 
vitim,  as  stated  by  Cuvier  in  the  Introduction  to  his  History 
of  the  Pachydermata,  tom.  1.;  the  slightest  perusal  of  which 
cannot,  I  think,  fail  to  convince  the  reader  that  it  is  utterly 
impossible  to  explain  the  phenomena  which  I  have  calleu 
Diluvial,  by  any  causes  at  present  in  operation. 

I  would  also  refer  to  the  luminous  paper  of  Sir  James  Hall, 
in  the  Edinburgh  Philosophical  Transactions,  1813,  on  the 
evidences  of  an  inundation  afforded  by  the  Corstorphine 
Hills,  and  other  summits,  b  the  neighbourhood  of  Edinburgh  ; 
and  to  the  accurate  and  practical  distinctions  drawn  by  Mr 
Bald,  in  the  third  volume  of  the  Wemerian  Memoirs,  p.  133, 
and  fourth  volume,  p.  58.,  between  the  old  and  the  new  allu- 
vial covers  along  the  east  coast,  and  in  other  parts  of  Scot- 
land ;  and  have  only  to  add,  that  my  own  observations  in  that 
district,  during  the  last  summer,  enable  me  to  bear  testimony 
to  the  fidelity  of  description  both  these  gentlemen  have  main- 
tained in  the  publicatipns  alluded  to.  It  is  needless  here  to 
^repeat  the  evidences  of  diluvial  action  offorded  by  deposits 
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of  loam  and  gravel,  in  situations  to  which  no  river  coutd  have 
ever  bronght  them,  which  I  have  collected  in  the  chapter 
following,  p.  185  of  the  first  edition  of  my  lleliqiiia;  Dilu- 
vianse.  I  shall  deem  it  sufficient  to  subjoin  the  following  ex- 
tract from  a  foreign  scientific  journal,  which  shews  that  the 
distinctions  I  am  contending  for,  are  generally  admitted  by 
the  best  observers  of  the  present  time. 

"  We  believe  the  best  geologists  of  the  day  agree  in  limit- 
ing the  term  alluvial^  to  those  deposits  which  result  from 
causes  now  in  action,  and  in  appropriating  the  term  diluvium 
to  those  universal  deposits  of  gravel  and  loam,  to  the  produc- 
tion of  which  no  cause  at  present  is  adequate,  and  which  can 
only  be  referred  to  the  waters  of  a  sudden  and  transient 
deluge*  This  gravel  and  loam  are  always  confusedly  mixed 
together,  and  are  thus  distinguished  from  the  older  deposits 
of  sand  and  gravel  which  occur  in  regular  alternating  beds. 
The  ablest  writers  in  Europe  now  aaopt  these  distinctions, 
and  would  no  more  think  of  confounding  them,  than  to  des- 
cribe, under  the  same  name,  gypsum  and  limestone."* 

With  regard  to  the  second  proposition,  I  think  that,  to  a 
certain  point,  Dr  Fleming's  opinions  and  observations  are 
correct.  I  fully  coincide  with  him  in  believing,  that  the 
beaver  and  the  wolf,  like  the  roebuck,  probably  thcr  bear, 
and  the  Irish  elk,  have  gradually  disappeared,  together  with 
the  various  species  of  birds,  whose  expulsion  or  extirpation 
he  so  ably  describes,  before  the  arrows  of  the  hunter,  and 
the  snares  of  the  agriculturist ;  but  when  he  proceeds  to  ap- 
ply th6  same  explanation  to  the  bones  of  quadrupeds,  imbed- 
ded often  many  fathoms  deep  in  masses  of  drifted  clay  and 
gravel,  in  situations  at  or  near  which  no  such  deposits  are  at 
present  taking  place,  or  in  caves  and  fissures  which  have  been 
wholly  closed,  and  whose  interior  has'  been  often  filled  with 
the  detritus  of  rocks  introduced  by  the  same  sudden  and  trati- 
sient  inundation,  to  which  alone  the  existence  of  the  superfi- 
cial deposits  in  question  can  be  referred,  I  feel  obliged  to 
object  to  the  application  of  the  principle  of  gradual  extirpa- 
tion to  this  part  of  the  subject  and  appeal  to  the  entire  body 
of  phenomena  detailed  in  my  Reliquiae  Diluvian®,  in  support 
of  my  opinion. 

But  while  I  thus  contend  that  there  is  evidence  of  a  sudden 
and  general  destruction  of  animals  by  a  transient  inundatioQ 

^Review  of  Re]iqaiiBDilaviaii«  in  Siniman's  Aitiericaa  Joornal  of  Sciettce, 
Tol.  viii.  No.  2.  p.  dSO. 
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of  the  earth's  surface,  I,  at  the  same  time,  proceed  most  wil- 
lingly with  Dr  Fleming  to  apply  his  method  of  illustration 
to  the  animals  inhabiting  the  earth  antecedently  to  this  great 
aqueous  revolution  ;  to  exolain  the  phenomena  of  the  den  at 
Kirkdale  b^  the  habits  of  living  hyaenas,  and  to  argue  on  the 
probable  history  of  fossil  elephants  and  hippopotami,  from  the 
known  habits  of  those  which  at  present  innabit  the  banks  of 
the  Ganges  or  the  Niger  ;  and  without  this  practice  of  illas- 
strating  the  history  of  the  fossil  dead  by  the  study  of  their 
livine  representatives,  I  could  never  have  arrived  at  the 
conclusions  I  have  founded  on  the  evidence  of  the  den  at 
Kirkdale. 

I  proceed,  therefore,  to  examine,  in  the  order  in  which  he 
has  stated  them,  some  of  the  propositions  advanced  by  Dr 
Fleming. 

Case  I. — Ptal'Bags. 
I  agree  with  Dr  Fleming  in  considering  the  liones  discov- 
ered in  our  peat-bogs;  in  mud  and  silt  at  the  mouths  of 
rivers,  or  within  the  level  of  their  floods ;  and  in  ponds  or 
lakes,  and  other  situations  at  or  near  which  the  formation  of 
aqueous  deposits  is  still  going  on,  to  prove  that  the  horse,  the 
ox,  the  boar,  the  beaver,  and  several  species  of  deer,  have 
existed  as  wild  animals  in  this  country  smce  the  formation  of 
post-diluvian  silt  and  peat  began,  and  have  been  gradually 
extirpated,  or  domesticated,  by  man ;  and  I  admit  this  on 
evidence  independent  of  the  documents  of  hist^nry,  or  the 
voice  of  tradition,  viz.  the  fact,  that  the  bones  of  these  ani- 
mals occur  imbedded  in  the  deposits  in  question^ 

Case  IL—Fresh-Water  MarUBeds  undtr  Ptat-Bogs. 
Deposits  of  this  kind,  formed  at  the  bottom  of  shallow 
lakes  and  ponds,  accumulate,  until  they  arrive  so  near  the 
surface  of  the  waters,  that  the  growth  of  peat  commences^ 
and  often  continues  so  far,  that  tne  hollow,  which  was  once  a 
shallow  lake,  becomes  entirely  filled  up ;  the  basis  of  the 
marl-bed,  beneath  this  peat,  is  sometimes  solid  rock,  and 
sometimes  a  bed  of  that  ancient  detritus  of  gravel,  clay,  or 
sand,  which  I  have  called  Diluvium.  The  animal  resiains 
which  occur  in  this  fresh-water  marl  are  of  post-diluvian  ori- 
gin* >  Now,  with  respect  to  the  Irish  elk,  if  the  common  ac- 
counts should  prove  correct,  that  it  is  found  in  this  shell-marl, 
immediately  below  the  peat,  or  in  the  lower  regions  of  the 
peat  itself,  it  will  only  add  another  species  to  the  list  of  ajii- 
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mals  that  have  repeopled  this  country,  since  the  formation  of 
the  dilavium,  and  which,  like  our  beavers  and  wild  boars, 
have  been  extirpated  by  man ;  and  the  high  state  of  preser- 
vation of  its  horns  and  bones  from  the  bogs  of  Ireland,  when 
compared  with  the  usually  decayed  condition  of  bones  from 
the  diluvium,  inclines  me  to  favour  this  opinion.  This  animal, 
however,  should  it  prove  to  be  thus  recent,  will,  like  the  ox. 
and  horse,  and  other  species  of  deer,  be  common  to  our  dilu- 
vial deposits,  with  those  that  are  post-diluvial ;  it  occurs  with 
elephants  and  hijnpopotami  in  the  diluvium,  at  Walton  in  Es- 
sex, and  in  the  diluvial  gravel  of  Germany,  France,  &c.* 
The  evidence  to  prove  its  more  recent  existence  should,* 
therefore,  be  carefully  attended  to,  and  forms  an  interesting 
subject  of  inquiry. 

Case  III. — Horns  of  Rhinoceros  in  Scotland* 
Dr  Fleming  states,  p.  324,  ^^  that  a  specimen  of  the  horn 
of  the  fossil  rhinoceros,  found  in  one  of  the  marl-pits  at  the 
Loch  of  Forfar,t  exists  at  present  in  the  Edinburgh  Museum, 
and  we  have  been  informed  by  Professor  Jameson,  that  two 
other  examples  have  occurred  in  Blair-Drummond  moss  on 
the  banks  of  the  Forth.  It  is  to  be  hoped,  he  adds,  that  the 
skulls  will  yet  be  procured.'' 

Could  the  above  cases  be  established,  they  would  be  de- 
cisive in  favour  of  the  theory  maintained  by  Dr  Fleming. 
In  my  ReliquisB  DiluviansB,  p.  33, 1  have  expressed  an  oppo- 
site opinion,  that  the  horns  of  the  rhinoceros  neither  have  nor 
are  likely  to  be  ever  found  in  a  fossil  state,  unless  when  pre- 
served in  ice.  I  made  it  my  business,  therefore,  whilst  ^t 
Edinburgh,  carefully  to  investigate  the  cases  here  alleged  to 
have  existed  in  that  neighbourhood,  and  the  following  are  the 
results. 

Mr  David  Don  informs  me  that  the  horn  in  the  Edinburgh 
Museum  was  presented  by  himself  and  his  brother,  on  the 
death  of  their  father  in  the  year  1814,  to  a  museum  then  ex- 
isting at  Dundee,  which  was  shortly  after  broken  up  and  the 
contents  sold  by  auction ;  and  that  the  story  of  its  having  been 
found  in  the  Loch  at  Forfar,  must  have  been  invented  either 
by  the  auctioneer  or  the  person  who  bought  it  of  him,  and 
sold  it  again  to  the  Museum  at  Edinburgh,  at  a  price  propor- 

*  A  detailed  description  of  the  remarkable  skeleton  of  the  Fossil  Elk,  dis« 
corered  in  the  Isle  or  Man,  and  now  preserved  in  the  Museum  at  Edinburgh, 
will  be  given,  by  Professor  Jameson,  in  a  future  number  of  tilis  Journal. 

t  Vide  Wem.  Mem.  vol.  iv.  p.  662. 
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tionate  to  the  increased  value  that  would  justly  have  been  at- 
tached to  it,  if  it  had  really  been  a  Scotch  fossil.*  Mr  Don, 
however,  affixed  no  such  history  to  it  when  he  gave  it  to  the 
museum  at  Dundee.  In  his  letter  to  me  on  this  subject,  be 
says,  "  it  had  a  long  time  been  in  possession  of  my  father, 
who.  I  am  inclined  to  believe,  obtained  it  from  some  friend, 
whilst  he  )vas  superintendant  of  the  Royal  Botanic  Garden 
at  Edinburgh*'^  He  adds,  ^^  Had  it  been  found  in  the  lake 
at  Fori;ir,  it  is  not  probable  that  so  remarkable  a  circum- 
.stance  should  have  remained  unknown  to  me,  or  any  of  my 
family."  The  story  of  the  other  two  horns  of  the  rhinoceros, 
said  to  have  been  found  in  the  moss  of  Blair-Drummond,  and 
of  which  Dr  Fleming  is  anxious,  as  he  well  may  be,  to  dis- 
cover the  skulls  from  whence  they  were  derived,  I  found  to 
originate  in  another  mistake  of  a  similar  kind.  Professor 
Jameson  had  been  informed  of  the  supposed  discovery  of 
these  horns  by  a  gentleman  of  Stirling,  who  is  factor  to  the 
estate  of  Blair-Drummond.  I  proceeded  to  Stirling,  and 
found  this  gentleman  to  be  a  man  of  accurate  observation  as 
to  the  geological  structure  of  this  district,  and  particularly 
of  the  peat  and  alluvial  deposits  in  which  these  horns  were 
said  to  have  been  discovered.  But  he  informed  me  that  he 
had  no  personal  knowledge  of  the  finding  of  them;  that  the 
discovery  was  made  many  years  ago  by  some  of  his  father^s 
workmen,  who,  together  with  his  father,  is  now  dead; 
that  he  believed  that  the  horns  were  still  existing  in  the 
House  of  Blair-Drummond.  I  applied  forthwith  to  Mr 
Drummond  for  further  information,  and  learned  from  him  that 
there  were  some  years  ago  two  horns  of  a  rhinoceros  some- 
where about  his  house,  and  that  they  have  since  been  re- 
moved to  that  of  his  mother  in  Edinburgh.!  He  further  adds, 
"  I  know  nothing  of  their  history  but  what  my  factor  tells 
me,  and  he  seems  uncertain  whether  his  father  had  seen  them 

^  *  In  the  recent  sale  at  Fonthill,  the  public  were,  in  a  similar  manner,  in- 
formed,  (bat  a  vase  of  rock  crystal,  submitted  to  the  hammer,  was  a  real  to- 
paz ;  and  the  authority  of  Professor  Buckland,  who  had  never  seen  or  heard 
'  of  the  gem  in  question,  was  advanced  in  confirmation  of  the  alleged  fact, 
t  Professor  Jameson  has  lately  examined  these  horns,  and  informs  me, 
'^  that  Ihey  differ  not  in  shape  from  those  of  the  living  two-horned  rhinoce- 
ros j  that  the  fibres  at '  their  base  exhibit  the  usual  transparency  of  recent 
horns,-and  that  the  base  of  one  of  them  is  perforated  with  round  sinuous 
holes;  like  those  made  in  timber  by  the  Teredo,  Jbut  smaller."  Holes  of  this 
kind  are  not  uncommon  in  recent  horns  of  this  animal ;  they  occur  in  a 
specimen  in  the  Oxford  Musuem,  and  still  retain  within  them  the  husk  or 
sneath  of  some  parasitic  worms  resembling  maggots,  by  which  they  w«ro 
produced. 
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dug  up,  or  had  only  been  told  by  some  person  that  they  were 
found  at  some  former  time.  As  to  the  question  about  their 
having  been  found  at  Blair-Drummond,  I  can  only  answer 
with  safety,  in  the  terms  of  a  verdict  peculiar  to  our  criminal 
courts,  '•  Not  Proven." 

The  evidence  then  before  us  amounts  to  nothing  more  than 
this, — that  there  exist  two  horns  of  a  rhinoceros,  which  at 
some  unknown  former  time  were  found  in  some  unknown 
place,  by  some  unknown  person,  and  preserved  in  some  un- 
known room  in  the  mansion  of  Blair-Drummond,  from  which 
they  have  since  been  removed  to  Edinburgh :  Until,  there- 
fore, the-  bones  or  teeth  of  these  animals  shall  be  found  in 
the  moss  of  Blair-Drummond,  or  the  loch  of  Forfar,  or  the 
skulls  procured,  which  Dr  Fleming  hopes  to  find,  we  remain 
without  the  slightest  evidence  of  the  rhinoceros^  having  been 
a  postdiluvial  inhabitant  of  Scotland* 

Case  IV. — Fossil  Hippopotamu 

A  hippopotamus  is  recorded  by  Lee,  in  his  Natural  Histo- 
ry of  Lancashire,  as  having  been  found  under  a  peat-bog  in 
that  county. 

This  evidence  is  unfortunatety  too  imperfect  to  be  of  use 
in  a  disputed  point.  We  simply  learn  from  it  that  the  bones 
were  not  in  the  peat,  but  under  it ;  but  whether  the  foundation 
on  which  this  peat-bog  lay  was  a  bed  of  postdiluvian  shdl 
marl,  or  of  diluvial  clay  or  gravel,  we  are  not  informed.  The 
analogy  of  the  other  localities  in  which  the  hippopotamus  has 
been  found  in  England,  leads  to  the  latter  hypothesis. 

Dr  Fleming  concludes,  ^^  These  animals,  formerly  inhabi- 
tants of  this  country,  have  their  remains  preserved,  not  only 
in  peat-bogs  and' marl-beds,  but  likewise  in  the  silt  of  our 
great  rivers ;  in  the  valley  of  the  Thames,  for  example,  they 
occur  in  the  reeular  stratified  clay,  sand,  gravel,  and  peat.^ 
As  this  conclusion  is  founded  chiefly  on  the  cases  I  have  al- 
ready discussed,  it  must  stand  or  fall  with  them.  He  proceeds 
to  support  it  further,  by  stating,  on  the  misinterpreted  authori- 
ty of  Mr  Trimmer's  paper  in  the  Philosophical  Transactions, 
that  the  hippopotamus  and  elephant  occur  in  the  valley  of  the 
Thames,  in  the  regular  stratified  clay,  sand,  gravel,  and  peat. 
In  reply  to  this,  I  venture  to  assert,  that  no  remains  of  this 
kind  have  ever  been  found  in  the  peat-bogs  of  any  part  of  the 
valley  of  the  Thames,  and  still  less  in  the  regular  stratified 
clay,  that  is,  the  London  clay.  The  case  described  by  Mr 
Trimmer  is  that  of  the  bric^-earth-pits  at  Brentford,  which  I 
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visited  last  week,  apd  where  thet*e  is  not  the  smallest  tracv 
of  any  kind  of  peat-bog  to  be  seen.  The  patches  of  peat 
mentioned  by  Mr  Trimmer  in  his  paper,  as  being  only  two 
or  three  inches  thick,  and  of  small  extent,  were  portions  of 
drifted  peat^  or  other  vegeuble  matter  that  became  lodged 
and  entangled  in  the  sand  and  gravel,  at  the  same  lime  with 
the  bones  m  question.  Their  extent  must  have  been  very 
small,  for  not  a  particle  of  peat  is  now  visible,  although  a 
larger  section  is  open  than  existed  at  the  time  when  Mr 
Trimmer  made  his  observations. 

But  even  admittiq^  all  the  facts  whk:h  Dr  Fleming  con- 
tends for  as  to  this  pomt,  and  supposing  it  proved  that  the  ele- 
phant, rhinoceros,  hippopotamus,  hyaena,  and  other  lost 
animals,  have  existed  recently  in  Europe,  and  been  extirpated 
by  man,  and  that  we  found  their  remains  in  postdiravian 
deposits  of  peat,  and  silt,  and  fresli-water  marl ;  they  would 
only  be  in  the  same  predicament  with  the  horse,  the  ox,  the 
fox,  the  wolf,  the  boar,  the  beaver,  and  others,  whose  bones 
are  common  to  these  pK>stdiluvial  formations,  as  well  as  to  an- 
tediluvian caves  and  fissures,  and  to  beds  of  diluvial  gravel : 
still  every  atom  of  the  evidence  contained  in  my  Reiiquim 
Diluviatuz  would  remain  unaffected  by  this  discovery,  and*  the 
great  and  universal  phenomena  of  diluvial  deposits  would  still 
be  equally  inexplicable,  without  appealling  to  the  agency  of 
a  transient  and  general  inundation  of  the  earth.* 

Dr  Fleming,  however,  at  page  826,  speaking  of  what  Mr 
Bald  denominates  the  ^^  old  alluvial  cover,'' and  many  Eng- 

*  Dr  Fleming,  speaking  of  the  gradual  extirpation  of  certain  well  known 
animals  in  this  country  and  on  the  continent,  says,  *<  These  changes  baye  all 
tklcen  place  in  the  course  of  the  last  six  or  eight  centuries;  in  ages  that  have 

Erecededi  ihe  same  causes  must  have  been  in  more  or  less  active  operation," 
c.  Til  short,  by  the  theory  of  gradual  extirpation,  he  would  explain  the 
extinction  of  Iha  lost  species  of  elephant,  rhinoceros,  hippopotamus,  hyssoa; 
&c.  over  Europe.  Is  it  not  incumbent  on  him  first,  to  show  at  what  period 
such  animals  as  these,  much  too  formidable  to  be  overlooked,  were  ever 
known  to  have  existed  f  Can  he  give  any  reason  whv  hyaenas  should  have 
been  extirpated  at  a  more  early  period  than  wolves,  had  they  ever  existed 
in  postdiluvian  Britain?  Or  is  it  probable,  that  thp  savage  horaes  whieb  in- 
habited* Germany  before  its  occupation  bv  the  Romans,  should  have  atteriy 
destroyed  such  powerful  animals  as  the  elephant  and  rhinoceros,  as  well  as 
the  hyena,  from  the  impenetrable  fastnesses  of  the  great  Hercynlao  forest, 
when  animals  of  the  same  kind  have  not  yet  ceased  to  abonnd  in  the  woods 
of  India  and  the  wilds  of  Africa,  in  spite  of  a  farther  persecution  of  nearly 
two  thousand  years  ?  Sorely  the  theory  of  their  extinction  by  the  savage 
natives,  preceding  the  Roman  invasion  of  these  eonntries,  is  a  matter  of  the 
highest  improbabilitjr ;  their  existence  at  that  tune,  and  subsequent  extirpa- 
tion, is,  in  the  utter  silence  of  Csesar  and  TacituSi  and  all  later  historians, 
and  even  of  traditioni  a  moral  impossibility. 
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lish  miDeralogists  ^  dilnviuni,^^  concludes,  that  ^'  the  partial 
occurrence  of  these  strata, — ^their  limited  extent, — ^great 
difference  of  character  in  neighbouring  districts, — ^the  pre- 
sence of  remains  of  terrestrial  animal8,-«^and  the  absence  of 
marine  exuviae^ — demonstrate  that  a  universal  flood  possess- 
ing the  velocity  some  have  assigned  to  it,  had  no  share  in  this 
formation*^'  Here  again  we  are  obliged  to  differ  from  Dr 
Fleming  as  to  matters  of  fact. 

1.  With  respect  to  the  asserted  ^partial  occurrence  of 
these  strata,  and  their  limited  extent,''  i  know  not  what  may 
have  been  his  opportunities  of  locomotion  and  observation ; 
but  I  dare  assert,  that,  in  the  whole  course  of  my  own  geo- 
logical travels,  from  Cornwall  to  Caithness,  from  Cnlais  to 
the  Carpathians,  in  Ireland  or  Italy,  I  have  scarcely  ever 
gone  a  mile,  without  finding  a  perpetual  succession  of  depo- 
sits of  gravel,  sand,  or  loam,  in  situations  that  cannot  be  re- 
ferred to  the  action  of  modern  torrents,  rivers,  or  lakes,  or 
any  other  existing  causes ;  and  with  respect  to  the  still  more 
striking  diluvial  phenomena  of  drifted  masses  of  rocks-;  the 

S eater  part  of  the  northern  hemisphere,  from  Moscow  to  the 
issksippi,  is  described  by  various  geological  travellers  as 
strewed,  on  its  hills  as  well  as  valleys,  with  blocks  of  granite 
and  other  rocks  of  enormous  magnitude,  which  have  been 
drifted  (mostly  in  a  direction  from  north  to  south)  a  distance 
sometimes  of  many  hundred  miles  from  their  native  bed, 
across  mountains  and  valleys,  lakes  and  seas,  by  a  force  of 
water,  which  must  have  possessed  a  velocity  to  which  noth- 
ing that  occurs  in  the  actual  state  of  the  globe  affords  the 
slightest  paralleU  1  must  therefore  deny,  that  the  occurrence 
of  these  aeposits  is  partial^  or  their  extent  limited. 

2.  That  their  character  is  different  iq  neighbouring  districts 
I  readily  concede;  for  it  often  differs  in  the  same  field,  and 
even  in  the  same  pit  or  quarry ;  as  well  it  may  do,  considering 
the  turbulent  conditk)n  induced  on  the  earth,  by  the  inunda- 
tion of  which  it  is  the  wreck  and  rubbish. 

3.  The  presence  of  the  remains  of  terrestrial  animals,  sim- 
ply shows  that  they  had  perished ;  but  whether  they  were 
drifted  from  other  countries  to  those  in  which  we  now  find 
them,  or  how  far  they  may  have  been  floated  backwards  and 
forwards,  by  the  flux  and  reflux  of  the  mighty  currents  then 
ID  motion,  before  the  carcasses  became  putrid,  and  the  bones 
fell  piecemeal  into  the  gravel,  as  the  agitation  was  subsiding, 
we  have  no  means  to  judge  \  and,  witliout  the  evidence  afford- 
ed us  by  the  interior  of  caves  and  fissures,  we  should  have 
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been  unable  to  prove  that  the  elephant,  rhinoceros,  hippopot- 
amus, and  hysena,  had  ever  inhabited  Europe ;  as  it  might 
have  been  argued,  that  these  animals  were  all  drifted  from  the 
tropical  regions  now  occupied  by  such  genera,  by  the  waters 
of  the  same  inundation  that  produced  the  superficial  deposits 
of  gravel,  loam,  and  sand,  in  which  alone  their  bones  had 
been  discovered  before  the  investigations  that  have  been 
made  into  the  contents  of  caves  and  fissures* 

4.  The  absence  of  ^*  marine  exuviae,"  is  another  case  of 
misstated  facts.  Had  Dr  Fleming  ever  examined  the  diluvial 
clay  which  forms  the  cliffs  more  than  sixty  feet  high  at  the 
brick-kilns  on  the  south  of  Peterhead,  he  might  have  found 
(as  I  did  last  summer),  marine  shells  imbedded  in  it,  similar 
to  those  which  now  live  in  the  adjacent  seas ;  and  had  he 
.further  examined  the  shells  found  in  diluvium  not  many  years 
ago  in  the  bed  of  the  Paisley  Canal,  three  miles  from  Glas- 
gow, and  of  which  a  list  was  published  by  Captain  Laskey,* 
whilst  a  very  perfect  collection  of  them  is  preserved  in  the 
cabinet  of  Dr  Browne  of  Glasgow ;  or,  had  he  ever  seen  or 
heard  of  the  thousands  of  acres  of  marine  shells  of  existing 
species,  which  cover  more  than  one  fourth  part  of  the  counties 
of  Norfolk  and  Suffolk,  so  as  to  form  an  integral  part  of  their 
gravel  pits,  and  to  be  mixed  in  every  possible  proportion  with 
ordinary  diluvial  gravel,  sand,  and, clay,  and  with  the  bones 
of  elephants  and  other  land  animals ;-— he  would  never  have 
advanced  such  arguments  as  these  to  ^  demonstrate"  that  a 
universal  flood  had  no  share  in  the  formation  of  what  many 
English  mineralogists  have  called  diluvium. 

I  considered  it  needless  when  I  was  at  Edinburgh,  to  in- 
vestigate the  fact  asserted  by  Dr  Fleming  at  page  326,  that  a 
copper  battle-axe  was  found  in  digging  the  Union  Canal  at 
Bennington,  in  the  same  kind  of  clay  or  till  with  the  tusk  of 
an'  elephant,  as  its  accuracy  is  questioned  by  Professor 
Jameson  himself,  in  a  note  subjoined  to  the  passage  in  ques- 
tion ;  but  I  here  adduce  it  as  another  of  the  mistakes  that 
cannot  but  arise  from  neglecting  or  denying  the  distinction 
between  Alluvium  and  Diluvium. 

It  remains  only  to  notice  a  few  more  errors  into  which  Dr 
Fleming  has  fallen,  in  his  Observations  on  my  History  of 
Bones  discovered  in  Caves  and  Fissures. 

With  respect  to  the  habits  of  modern  hyaenas,  I  have  to 

*  See  Annals  of  Philosophy,  Feb.  1814,  vol.  iii.  p.  160;  and  Wern.  Soc 
Mem.  vol.  iv.  p.  bCS. 
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offer  .him  mj  thanks  for  the  manner  in  which  he  has  disposed 
of  the  evidence  of  Dr  Knox,  in  the  fourth  volume  of  the 
Wernerian  Memoirs,  p.  385,  as  inapplicable,  on  the  ground  of 
difference  of  species  between  the  Fossil  and  Cape  Hyaena.  But 
1  am  surprised  he  should  characterise  as  valuable  the  notices  of 
any  writer  who  argues,  that,  because  lions  and  tigers  do  not 
devour  bones,  therefore  hyaenas  also  do  not  eat  them ;  or  that, 
because  he  himself  h^s  never  seen  an  hytena  in  the  act  of 
dragging  off  its  prey,  therefore  they  n^vcr  do  so.  Is  the 
positive  evidence,  then,  which  I  have  quoted  from  Brown, 
Sparman,  and  Busbequius,  who  assert  the  fact,  that  hyaenaft 
do  drag  off  their  prey,  to  be  set  aside  by  the  negative  fact, 
that  Dr  Knox  has  never  seen  them  in  the  act  of  doing  it  f 
Since  the  publication  of  my  last  edition,  I  have  seen  an  offi- 
cer from  India,  Captain  Sykes,  who  has  often  hunted  hyaenas 
in  the  vicinity  of  Bombay ;  and  from  him  I  learn  that  ne  has 
not  only  seen  heaps  of  bones  accumulated  at  the  mouths  of 
their  dens,  but  that,  in  digging  one  from  its  hole,  he  observed 
large  quantities  of  bones  flung  out  with  the  dirt  and  rubbish 
from  the  interior  of  the  den. 

Dr  Fleming,  at  page  .328,  gi\«s  his  opinion,  that  the  "  bones 
at  Plymouth  were  washed  by  some  ^nd-flood  from  an  open 
fissure,  and  deposited  in  confusion  m  the  neighbouring 
caverns.'^  Is  he  then  ready  to  maintain,  that  the  bones  in  the 
caves  and  fissures,  and  the  gravel  that  occurs  on  the  summit 
of  the  rock  at  Gibraltar,  were  deposited  also  by  what  he  calls 
a  land-flood  ? — and  that  many  hundred  other  caveS  and  fis- 
sures alon^  the  coast  and  islands  of  the  Mediterranean,  and 
the  Adriatic,  in  Dalmatia,  and  in  Germany,  at  various  eleva- 
tions  from  2  to  2000  feet  above  the  level  of  the  sea,  were  all 
so  similarly  affected  by  partial  land-floods,  that  there  is  not  a 
tittle  of  difference  in  the  effects  produced  on  each  and  every 
one  of  them  by  such  numerous  and  independent  inundations  ? 
Or.  is  he  prepared  to  show,  how  a  land-flood  could  cover  the 
summit  of  the  insulated  rock  of  Gibraltar,  at  the  height  of 
1439  feet  above  the  sea,  without  inundaling  at  the  same  time  at 
least  nine-tenths  of  Europe,  and  to  point  out  the  source  from 
whence  the  waters  of  such  a  land-flood  could  be  derived  ? 
Unless  he  is  so,  it  is  in  vain  to  say  a  partial  land-flood  may 
have  risen  a  hundred  feet  at  Plymouth,  and  moved  the  bones, 
and  barried  the  mud  and  pebbles  into  the  caves  at  Oreston  \ 
for  this  is  but  one  of  many  hundred  analogous  cases  of  such 
.  bones  imbedded  in  similar  mud  and  pebbles  that  must  be  ac- 
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counted  for,  and  for  which  the  only  sufficient  cause  that  has 
ever  been  proposed,  is  an  universal  and  transient  deluge* 

Again,  at  page  328,  Dr  Fleming  contends,  that  these  bones 
found  thus  universally  in  fissures,  and  caverns  connected  with 
them,  cannot  have  been  drifted  into  their  present  position  by 
the  waters  of  a  general  flood,  and  there  surrounded  by  them 
with  mud ;  because,  in  the  solitary  instance  of  the  large  cavern 
of  Wokeiy  Hole,  there  is  a  river  now  running  through  it,  and 
depositing  mud  and  sand  upon  human  bones  or  urns,  or  any 
thing  else  that  may  now,  or  at  any  modern  period  of  time, 
have  been  deposited  within  the  level  of  its  winter  floods. 
Surely  it  is  at  least  incumbent  on  him  to  show  that  there  is, 
or  may  have  been,  a  river  running  through  every  cave,  and 
every  fissure  in  the  world,  in  which  bones  and  bony  breccias 
are  found  imbedded  in  mud,  before  he  can  establish  a  con- 
clusion like  this.  His  present  argument  is  stated  thus :  ^^  A 
subterranean  river  runs  through  the  cave  at  Wokey,  which 
may  have  deposited  mud  during  its  highest  floods.  But  why 
may  not  the  mud  in  the  Kirkdale  cave  have  been  deposited 
by  a  similar  agent  ? "  The  answer  is,  because  there  is  no 
river  there  to  deposit  it;  and,  because  it  is  impossible  that 
now,  or  at  any  past  period  of  time,  any  river  should  flow,  or 
ever  have  flowed  there.  The  cave  at  Wokey. is  a  connected 
series  of  large  and  lofty  vaults,  with  two  apertures  near  its 
floor,  by  which  a  subterranean  river  at  this  moment  runs  in 
and  out  continually ;  whilst  that  at  Kirkdale  is  a  small  hole 
(seldom  larger  than  a  large  ^utter-hole),  not  five  feet  square 
at  its  mouth,  and  branching  mtcmally  into  smaller  ramifica- 
tions, which  finally  terminate  in  a  close  end,  or  cxd  de  sac ;  so 
that  by  no  possibility  could  any  river  now,  or  at  any  past 
time,  have  found  a  passage  through  it. 

I  fully  agree  with  the  observation  quoted  from  Mr  Young, 
that  the  cave  at  Kirkdale  is  not  a  fissure  in  the  rock,  and  that 
it  has  a  number  of  rounded  hollows  or  depressions  in  the 
sides  and  roofs,  (and  possibly  on  the  floor,  though  I  have 
never  seen  them  there),  resembling  such  water-worn  hollows 
as  we  see  in  rocks,  in  the  beds  of  rivers,  or  on  the  shores  of 
the  ocean ;  but  1  must  add,  th&t  the  appearance  of  such  hol- 
lows is  a  feature  common  to  the  cave  of  Kirkdale,  with  every 
other  cave  in  limestone  rocks  that  I  have  ever  examined ;  and 
in  every  case  there  is  decided  evidence  that  the  hollows  have 
not  been  produced  bv  friction  from  moving  water,  in  the  fact, 
that,  though  not  unlike  in  shape,  they  are  never  smooth  and 
polished  like  the  holes  worn  in  the  beds  of  rivers,  and  on 
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the  sea-shores,  but  are  constantlj  rough  and  studded  over  in- 
ternally, like  a  corroded  preparation,  with  thousands  of  small 
and  delicate  points,  projecting  in  high  relief  over  these  sur- 
faces, and  which  would  inevitably  have  been  destroyed,  had 
friction  or  any  kind  of  violence  been  employed  in  producing 
the  cavities  in  question. 

In  reply  to  the  note  at  page  327,  in  which  the  authority  of 
Professor  Goldfuss  is  quoted  by  the  editor  to  support  an 
opinion,  that  the  elk  and  hysena  are  the  animals  intended  by 
the  terms  schelch  and  halb-wolf  in  the  romance  of  the  Niebe- 
lungen,  written  in  the  thirteenth  century,  and  enumerated 
among  the  beasts  slain  in  a  hunt  a  few  hundred  years  before 
that  time,  in  Germany ;  I  have  only  to  observe,  that  the  au- 
thority of  the  same  romance  would  equally  establish  the 
actual  existence  of  giants,  dwarfs,  and  pigmies,  of  magic  tarn 
caps,  the  using  of  which  would  make  the  wearer  become  in- 
visible ;  and  of  fire-dragons,  whose  blood  rendered  the  skin* 
of  him  who  bathed  in  it  of  a  horny  consistence,  which  no 
sword  or  other  weapon  could  penetrate.* 

Dr  Fleming  will,  I  am  sure,  excuse  me,  if  I  suggest  to  him, 
that  the  tone  of  levity  in  which  he  speaks  of  the  facts  estab- 
lished by  the  evidence  of  the  den  at  Kirkdale,  as  a  parallel 
case  to  the  fables  of  travellers  who  have  pretended  to  discon 
ver  the  decayed  timbers  of  the  Ark,  is  not  the  most  appro- 
priate to  a  discussion  of  the  nature  now  before  us. 

Appendix. — Since  this  article  was  sent  to  the  editor,  Dr 
Fleming  has  published  a  second  paper,  in  No.  XXIII.  of  the 
Edin.  Jour,  in  which  he  proposes  to  explain  the  universal 
dispersion  of  diluvial  deposits  by  the  bursting,  at  different  pe- 
riods, of 'an  almost  universal  series  of  lakes.  Had  such  lakes 
ever  existed,  it  may  fairly  be  asked,  Where  are  the  traces  of 
their  ancient  locality  ?  It  is  evident  from  the  terraces,  or 
parallel  roads,  in  the  valleys  of  Glen  Roy,  Glen  Gloy,  and 
Glen  Spean,  and  some  three  or  four  more,  which  are  all  th^t 
have  hitherto  been  noticed  on  the  surface  of  the  whole  earth, 
that  wherever  such  lakes  have  burst  their  ancient  barriers, 
they  have  left  behind  them,  in  these  terraces,  evidence  that 
shows  the  amount  of  their  former  extent  and  successive  de- 
pressions. Even  river-floods,  of  any  magnitude,  produce  a 
similar  effect,  and  form  terraces  in  the  adjacent  eravel-beds 
that  mark  the  line  of  their  highest  inundations,  as  I  have  stat- 

^Vide  Weber'9  Northern  Romances,  p.  172, 
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ed,  in  a  note  at  page  21 7,  first,  edition,  of  my  Reliquia  DUw 
f>ian<E.  Is  it  not,  then,  utterly  impossible  that  such  an  universal 
system  of  lakes  as  Dr  Fleming's  hypothesis  assumes,  could 
ever  have  existed,  without  leaving  on  their  banks  similar  ter- 
races to  those  of  Glen  Roy,  Glen  Gloy,  and  Glen  Speanf 
Not  one  example,  however,  of  such  a  terrace  occurs  in  Eng- 
land, a  country  that  is  half  covered  with  diluvial  gravel. 
Neither,  I  believe,  are  there  any  other  lacustrine  terraces  in 
Scotland,  but  those  just  mentioned,  although  river  terraces  are 
very  common.  Until,  therefore,  such  lacustrine  terraces  are 
found  to  be  of  nearly  universal  occurrence  on  the  sides  of 
upland  valleys,  we  remain  without  a  particle  of  evidence  that 
such  lakes  have  either  existed  or  become  extinct,  and  must 
consider  the  assumption  of  Dr  Fleming  respecting  them  to 
be  altogether  gratuitous. 

In  this  same  second  memoirf  p.  294  and  295, 1  find  Dr 
Fleming  advances  facts,  in  direct  contradiction  to  the  dantm' 
stration  in  his  former  paper,  that  a  universal  flood  had  no 
share  in  the  formation  of  our  diluvium,  which,  in  part  at  least, 
he  founded^  on  the  asserted  ^^  absence  of  marine  exuviot^  in 
diluvial  deposits,  viz.  those  I  have  stated,  that  marine  shells 
of  existing  species  occur  in  the  diluvium  of  the  neighbourhood 
of  Peterhead,  and  in  the  Paisley  Canal,  near  Glasgow.  He 
also  quotes  other  cases  of  the  same  kind,  e.  g.  that  of  recent 
marine  shells,  discovered  by  Mr  Adamson  on  the  banks  of 
Loch  Lomond,  &c. ;  but  he  makes  no  allusion  to  his  denial, 
in  his  former  paper,  of  the  existence  of  such  deposits,  and  I 
presume  coula  not  have  been  aware  of  facts  which  so  mate- 
rially affect  his  argument,  at  the  time  of  his  writing  the  paper 
In  question.  At  any  rate,  it  would  have  been  more  candid  to 
acknowledge  his  error,  than  to  leave  to  me  the  task  of  point- 
ing it  out,  and  applying  it  to  my  advantage  in  the  matter  at 
bsue  between  us. 

I  forbear  at  present  to  offer  any  further  remarks  on  Dr 
Fleming's  second  memoir,  as  I  should  be  dravfn  to  greater 
length  than  the  patience  of  your  readers  would  tolerate,  or 
the  limits  of  a  Journal,  destined  to  be  the  vehicle  of  original 
communications,  rather  than  of  controversial  discussions, 
could  with  propriety  admit. 

Postscript. — I  have  just  been  informed  by  Mr  Weaver,  that 
he  has  established,  bevond  all  doubt,  the  fact  of  the  elk  hav- 
ing existed  as  a  postdiluvial  animal  in  Ireland.  Its  bones  and 
horns,  he  says,  occur  in  the  Bog  of  Kilmegan  near  Dundrum, 
in  the  county  of  Down  j  they  lie  at  the  bottotn  of  the  peat 
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betifeen  it  and  a  bed  of  shell-marl,  resting  upon,  or  being 
merely  impressed  in  the  marl,  which  is  composed  of  a  bed 
of  firesh-water  shells,  from  one  to  five  feet  thick,  and  must 
have  been  formed  while  the  bog  was  a  shallow  lake.  In  this 
and  other  similar  lakes  and  swamps,  Mr  Weaver  imagines 
these' animals  fled  for  refuge  from  their  enemies,  and  were 
drowned  in  the  waters,  or  swallowed  up  in  the  morass* 


Art.  LVIII. — Menstruum  for  Biting-in  on  Steel  Plates.  By 
Mr  Edmund  'f  urrell.  From  the  Transactions  of  the  So* 
ciety  for  the  Encouragement  of  Arts,  Manufactures,  and 
Commerce.* 

The  demand  that  has  taken  place  for  engravings  upon  de- 
carbonized steel  plates,  on  account  of  their  great  durability 
when  compared  with  copper-plates,  has  caused  many  eminent 
artists  to  employ  their  talents  upon  that  peculiar  preparation 
of  metal ;  and  mony  beautiful  specimens  of  line  engravings 
have  been  produced,  capable  of  yielding  proofs  or  prints  to 
an  extent  unknown  before  the  invention  and  application  of 
that  peculiai*  preparation  of  steel,  which  was  first,  I  beli^ye, 
made  known  to  the  world  by  Mr  Perkins,  who  has  made  use 
of  it  very  extensively  in  his  bank-note  manufactory  in  the 
United  States  of  America,  and  more  recently  in  London. 

If  the  execution  of  a  fine  engraving  upon  such  prepared  or 
decarbonized  steel  had  depended  entirely  upon  the  graving 
tool,  the  principal  difiiculty  that  presents  itself  would  be  the 
superior  hardness  of  the  inetal,  which  of  course  would  ofier 
greater  resistance  to  the  action  of  the  graver  than  copper ; 
but  as  most  or  all  the  cngi^avings  of  the  present  time  are  a 
mixture  of  etching  and  graving  united,  it  was  of  course  equal- 
ly necessary  for  the  artist  to  be  able  to  etch  and  bite-in  upon 
decarbonized  steel,  as  well  as  to  cut  with  the  graving  tool. 

In  order  to  form  a  just  idea  of  the  difficulties  that  occur  in 
etching  and  biting-in  upon  steel-plates,  it  will  be  necessary  to 
state  a  few  facts  relative  to  etching  upon  copper. 

The  usual  method  is  to  cover  the  copper-plate  with  a  coat 
of  varnish,  commonly  called  etching  ground';  and  when  the 
lines  that  are  necessary  to  represent  the  subject  are  cut 

*  The  large  gold  Medal  was  presented  to  Mr  Turrell  for  thi»  commani- 
cation. 
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through  the  .arnish  with  a  point  or  needle,  a  border  or  rim 
of  soft  wax  is  raised  round  the  sides  of  the  plate,  and  nitrous 
acid,  sufficiently  diluted  with  water,  is  poured  upon  the  whole 
surface,  and  immediately  a  corrosion  of  the  copper  takes 
place  in  those  parts  or  lines  where  the  varnish  has  been  re- 
moved or  cut  through.  The  action  of  the  acid  is  at  the 
f^amc  time  rendered  obvious  to  sight  by  the  continual  forma- 
tion and  disengagement  of  bubbles  of  nitrous  gas,  on'  all  the 
etched  parts,  thus  indicating  to  the  artist  how  the  process  is 
going  on. 

Various  acids  have  been  ti*ied  for  this  purpose,  both  sindy 
and  compounded  in  various  proportions ;  but  experience  has 
proved  that  very  pure  nitrous  acid  is  superior  to  any  com- 
pound that  has  hitherto  been  produced^  and  1  believe  it  is  also 
superior  to  any  other  acid  that  can  be  used  singly ;  for  there 
is  one  requisite  that  is  absolutely  necessary  and  indispensa- 
ble, namely,  that  whatever  acid  is  used,  it  should  not  only 
have  a  powerful  affinity  for  the  topper,  and  by  its  chemical 
action  corrode  and  deepen  the  etched  lines,  but  it  should  also 
be  capable  of  holding  the  oxyd  formed  in  perfect  chemical 
solution,  otherwise  the  lino^  would  soon  be  choked  up  by  a 
deposition  of  the  oxyd  so  formed ;  as  the  deposition  increas- 
edf  the  oxyd  would  press  upon  the  edges  of  the  etching  var 
nish  and  loosen  it,  by  which  means  a  partial  corrosion  would 
take  place  under  it,  and  shallow  lines  would  be  the  conse- 
quence* The  lines  produced  under  such  circumstances  are 
also  generally  rough  and  uneven  on  their  edges.  The  process 
just  described  is  technically  called  ithVig-m,  and  such  a  pro- 
duction  would  be  called  a  bad  bUing.  On  the  contrary,  when 
the  oxyd  of  copper  formed  during  the  process  is  immediately 
dissolved  in  the  fluid  that  forms  it,  a  fresh  surface  at  the  bot- 
tom of  the  line  is  continually  offered  to  the  acid  to  act  upon, 
and  then  the  coiTosion  produces  the  very  best  effect,  that  is 
to  say,  very  deep  lines,  with  beautiful,  clear,  and  even  edges* 

When  etching  upon  steel  was  first  introduced,  great  difficul- 
ty was  experiencea  in  biting-in  the  etched  plates,  for  whatever 
acid  was  used,  it  invariably  happened  that  the  lines  when 
corroded  were  exceedingly  shallow  and  rough  upon  the 
edges,  many  times  so  mucn  so  as  to  cause  serious  disappoint- 
ments and  great  loss  to  those  engaged.  Such,  indeed,  was 
the  risk  of  failure,  that  several  artists  have  refused  to  exe- 
cute any  thing  on  steel,  on  account  of  the  difficulty  of  bitmg- 
in  their  etchings. 

I  believe  I  am  correct  when  I  state^  that  Messrs  Perkins 
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and  Heath  paid  the  late  Mr  Lowiy  fifty  pounds  for  the  secret 
of  a  menstruum  that  would  effect  the  biting  on  steel  in  a  man- 
ner superior  to  that  which  they  had  previously  practised.  It 
is  but  justice  to  state,  that  previous  to  purchasing  the  before- 
named  secret,  their  method  was  stated  to  all  who  applied  to 
know  it,  and  this  consisted  in  using  the  worn-out  acid  that 
had  been  used  for  biting-in  copper-plates,  which  therefore 
was  an  acidulous  nitrate  of  copper  in  the  state  of  solution. 
But  with  this  the  results  were  very  unsatisfactory,  and  almost 
always  the  lines  were  so  much  shallower  than  those  produc- 
ed on  copper,  that  the  proofs  from  the  plates  in  that  state 
were  very  grey  and  spiritless,  for  want  of  depth  to  hold  the 
proper  quantity  of  ink. 

No  person  was  more  sensible  of  this  defect  than  the  late 
Mr  Charles  Warren,  and  the  method  of  biting-in  upon  pre* 
pared  steel,  invented  by  him,  and  communicated  to  the  pub- 
lic in  the  Transactions  of  the  Society  of  Arts,  &c.  vol.  xli.* 
fully  evinces  how  warmly  he  entered  into  the  investigation ; 
and  also,  when  he  had  attained  a  better  method  than  was 
generally  known,  how  liberally  he  presented  it  to  his  brother 
artists. 

Had  Mr  Warren  stated  in  his  communication  that  perfec- 
tion was  attained  by  this  method,  I  should  have  conceived  k 
an  invidious  task  to  dispute  that  point,  by  offering  to  the  So- 
ciety's attention  a  method  of  biting-in  etchings,  executed  upon 
steel-plates,  which  I  feel  confident  has  many  advantages  over 
any  at  present  generally  made  known.  Jout  1  am  relieved 
from  any  such  considerations,  by  the  recollection  of  his  ex- 
pressions to  the  committee,  that  he  not  only  came  forward  to 
contribute  what  he  had  invented,  but  was  also  very  desirous 
to  elicit  facts  and  information,  by  leading  others  to  make  ex- 
periments on  the  subject,  as  he  had  done.  I  therefore  trust, 
that  those  who  respect  his  memory,  and  feel  grateful  for  his 
communication,  will  consider  that  I  am  following  his  exam- 
ple ;  and  although  I  may  not  have  found  out  a  taultless  im- 
provement, yet  that  much  new  light  will  be  cast  upon  the 
subject,  tending  to  elicit  new  facts,  and  thereby  bring  to 
speedy  maturity  a  process  that,  in  its  present  infant  state,  has 
many  great  and  vexatious  difiiculties  attached  to  it. 

Shortly  after  Mr  Warren  made  his  invention  known  to  the 
Society,  1  was  requested  to  execute  some  etc)iings  on  steel- 
plates  ;  but  previous  to  assenting,  I  thought  it  necessary  to  try 
now  far  the  menstruum  of  Mr  Warren's  invention  would  do 
^'■^^**"*^"^^'^**^"^        III.  ^ 

♦Repertory  of  Arts,  vol.  xlv.  p.  34!. 
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Tor  biting^in  the  even  tints  produced  by  m^cbine-roling,  that 
being  a  kind  of  work  aK>re  calculated  to  show  the  imperfec- 
tion of  bad  biting  than  any  other.  And  more  particularly  so 
when  three  lines  are  used  to  produce  those  aerial  tints  that 
are  necessary  to  form  the  back  grounds  to  portraits,  and  to 
many  other  subjects,  which,  if  pr^uced  by  the  graving  tool, 
would,  upon  steel,  be  enormously  expensive. 

Having  prepared  the  menstruum,  according  to  .the  direc- 
tions ^iven,  1  certainly  felt  great  difficulty  in  preventing  a 
precipitation  of  the  copper,  which,  filling  tne  lines,  contbues 
to  accumulate ;  and  by  its  pressure,  as  it  increases,  removes 
the  etching-varnish  partially  from  the  sides  of  the  lines,  and 
thereby  causes,  in  a  great  degree,  the  shallowness  before 
complained  pf. 

I  have  no  doubt,  that  on  very  small  plates  it  may  be  possi- 
ble to  sweep  the  surface  of  the  plate  with  such  rapidity  that 
this  evil  may  in  a  great  degree  be  prevented;  but  upon  large 
plates,  where  they  are  covered  witn  work,  such  an  operation 
will  be  attended  with  great  difficulty,  and  in  many  instances 
will  be  nearly  impossible. 

In  biting-in  on  copper-plates,  the  breadth  of  the  etched  line 
is  in  a  great  degree  indicated  by  the  size  of  the  bubble  of 
nitrous  gas  formed  on  the  line ;  but  where  the  lines  are  filled 
or  covered  with  the  precipitated  copper,  the  difficulty  of 
judging  of  the  state  of  the  biting  is  greatly  increased. 

These  and  other  difficulties  incited  me  to  ^ve  the  subject 
every  attention  in  my  power.  The  first  indispensable  requi- 
site (as  it  appeared  to  me)  was  to  determine  what  acid 
would  most  readily  corrode  the  lines  etched  upon  the  steel- 
plate  ;  and  after  trying  a  number,  nitric  acid,  reduced  to  a 
proper  strength  by  dilution,  appeared  to  me  the  best  adapted 
to  this  purpose,  provided  some  means  could  be  found  of  pre- 
venting it  from  aeposiling  the  oxyd  of  iron,  after  having  taken 
it  up. 

Chemists  well  know  that  iron  exists  in  two  states  of  pxyda- 
tion,  the  protoxyd  and  peroxyd,  and  that  each  of  these  oxyds 
will  combine  with  acids  forming  two  genera  of  ferruginous 
salu,  the  proto-salts  and  the  per^alts.  The  proto-salts  con- 
tain a  larger  proportion  of  oxyd  than  the  soluble  per-salts ; 
and  being  liable  to  pass  into  this  latter  state  by  long  keeping, 
or  in  a  short  time  when  exposed  to  the  air,  their  solutions 
will  sooner  or  later  become  turbid,  and  will  deposite  peroxyd 
of  iron  in  a  state  scarcely  at  all  soluble,  except  by  being 
digested  in  hot  acid,  combined .  with  •  some  deoxydating 
ubs  lance. 
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Por  this  reason  it  is  tbat  the  (IttiM  of  nitric  acid,  diluted 
with  water,  will  iseldbao  givi^  satiisfactorj  results  when  em- 
ployed ftwr  biting-in ;  for  although  at  first  it  acts  very  well, 
the  ktm  bring  l^tight  merely  to  the  state  of  protoxyd,  and 
dissolving  ft^lj  in  the  acid,  yet  by  exposure  to  the  air, 
during  the  process  of  biting,  it  passes  to  the  state  of  peroxyd, 
^  ponion  of  whith  precipitates,  and  falling  into  the  lines  of 
the  etching,  covers  the  surface  of  the  steel  at  the  bottom  of 
tliiese  lines^  and  thereby  impedes  and  renders  irregular  the 
Ihction  of  the  acid. 

Knowing  that  calico-printers  prefer  making  their  solutions 
#f  oxyd  of  iron  in  pyroligneous  acid,  1  conceived  that  when 
in  its  pure  state,  this  would  be  a  v^y  proper  fluid  to  dilute 
the  nitric  acid  with ;  because  it  would  not  only  lend  to  re- 
duce its  action,  but  might  prevent,  or  at  least  impede,  the 
precipitation  of  the  oxyd  formed  in  the  operation  of  biting. 
Although,  however,  something  was  gaitied  by  this  addition, 
Jret  it  did  not  appear  to  be  so  effectual  upon  repeated  trials  as 
to  leave  me  completely  satisfied.  It  then  came  into  my  mind 
that  alcohol,  and,  still  more,  ether,  have  a  very  powerful 
deoxydatinc  effect,  as  they  are  able  to  separate  gold,  in  its 
ptrre  toetallic  state,  from  its  solution  in  aqua  rtgia.  I  deter- 
mined, therefore,  upon  adding  to  the  mixture  of  pyroligneous 
find  nitric  acid  a  portion  of  alcohol,  expecting  that  the  ni- 
trous ether  resulting  from  this  combination  being  presented  in 
its  nascent  state  to  the  nitrate  of  iron  formed  during  the  bit- 
tag,  would  retain  it  in  the  state  of  protoHiitrate,  and  thus  pre- 
vent any  ptecipitatioh.  I  am  happy  to  say  I  was  not  in  th^ 
least  disappointed;  for  with  a  menstruum  thus  formed  oi^ 
trompounded  of  the  three  ingredients,  namely,  pyroligneous 
'acid,  alcohol,  and  nitric  acid,  I  acquire  the  following  advan- 
tages. 

In  the  first  place,  it  corrodes  the  steel  with  greg^&ciWij^ 
{producing  a  beautiful,  clear,  and  deep  line;   and''^upon  tt,  • 
variety  of  plates  the  results  were  very  uniform. 

Secondly,   it  prevents   the  deposition  of  peroxyd;  as  a 

Eroof  of  which  I  have  kept  some  of  the  menstruufci  which 
ad  been  employed  for  biting-in  as  long;  as  six  months,  and 
do  not  discover  any  precipitation  formed. 

As  a  further  proof  of  its  power  of  holding  the  oxyd  form-^ 
cd  in  perfect  solution,  it  will  he  distinctly  seen  that  as  soon 
as  the  corrosion'  takes  place  upon  the  steel  plate,  the  whole 
of  the  lines  appear  beautifully  bright,  and  continue  so  until 
the  biting-ih  is  completed.  t. 
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The  proportions  of  the  acids  and  the  alcohol  are  as  fot 
lows : — ^lake  four  parts,  by  measure^  of  the  Wrongest  pyrolig- 
beous  acid  (chemically  called  acf^  acid),  and.  one  part  of 
alcohol,  or  highly-rectified  spirits  of  wine ;  mix  these  togeth* 
er  and  agitate  them  gently  for  about  half  a  minute ;  thea  add 
one  part  of  pure  nitric  acid ;  and  when  the  wfiole  are  thor- 
oughly mixed,  the  menstruum  is  fit  to  be  poured  upon  the 
"etched  steel-plate.-^  .  ' 

When  the  menstruum  is  compounded  in  these  proportions, 
very  light  tints  will  be  sufficiently  corroded  in  about  one 
minute  or  one  minute  and  a  half,  and  a  considerable  degree 
of  colour  will  be  produced  much  quicker  by  the  addition  of 
more  nitric  acidf^or  it  may  be  made  to  proceed  much  slower 
by  omitting  any  convenient  portion  thereof. 

The  plate,  when  the  mixture  is  poured  off,  should  be  in- 
stantly washed  with  a  compound,  made  by  adding  one  part 
of  alcohol  to  four  parts  of  water ;  and  the  best  material  for 
stopping  out  any  part  that  is  sufficiently  corroded  is  pure 
asphaltum  dissolved  in  essential  oil  of  turpentine,  which  of 
course  must  be  of  sufficient  consistence  to  flow  freely  from  a 
hair  pencil.  It  may  be  necessarv  to  inform  those  engravers 
that  use  the  common  Brunswick-black  to  stop  out  the  bitings 
on  copper-plates,  that  it  is  a  very  improper  article  to  use  on 
steel-plates ;  because,  as  the  asphaltum  and  oil  of  turpentine, 
of  which  it  is  principally  composed,  do  not  render  it  suffi- 
ciently drying,  these  ingredients  are  digested  with  a  small 
quantity  of  spirit  of  wine,  which  has  a  great  tendency  to 
unite  with  the  biting  menstruum  above  described,  and  thereby 
cause  foul-biting. 

As  I  attach  considerable  importance  to  the  purity  of  the 
ingredients  of  which  my  menstruum  is  composed,  I  beg  leave 
td  impress  on  my  brother  artists  the  necessity  of  strict  atten- 
tion to  this  circumstance.  I  have  myself  obtained  the  in- 
gedients  in  a  state  entirely  to  my  satisfaction  from  Mr 
esormeaux,  16  Chalton  street,  Somers-town. 
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Art.  LIX. — On  the  Invention^  ProgresSy  and  Advantages  of 
the  Art  of  EngravinO^rin  Mezzotinto  upon  SteeL  By  Mr 
CiURLES  Turner.  From  the  Transactions  of  the  Society 
for  the  jfcicouragement  of  Arts,  Manufactures,  and  Com- 


merce. 


The  discovery  of  a  method  of  engraving  in  mezzotinto  upon 
steel  may  be  justly  regarded  as  one  of  the  most  fortunate 
occurrences  in  the  history  of  the  graphic  arts.  In  the  in- 
fancy of  this  invention,  as  in  that  of  almost  every  oth)er, 
difficulties  repeatedly  presented  themselves,  but  these^.have 
been  successfully  'overcome ;  and  the  art,  an  outline  of  the 
gradual  advance  of  which  I  am  about  to  subjoin,  may  at 
present  be  considered  as  arrived  at  a  state  of  full  and  vigo- 
rous maturity. 

In  the  year  1812,  that  distinguished  ornament  and  benefac- 
tor of  his  country,  the  late  Mr  James  Watt,  suggested  to  me 
the  possibility  of  engraving  in  mezzotinto  upon  steel ;  but  all 
the  attempts  with  which  I  immediately  followed  up  the  com- 
munication were  unsuccessful.  The  hardness  of  the  steel 
induced  me  to  lay  that  metal  wholly  aside ;  and  some  experi- 
ments which  I  subsequently  made  upon  plates  of  brass  were 
attended  with  better  results.  These  latter  substances  were  so 
unequal  in  their  temper,  that  I  found  them  quite  unfit  lor  my 
purpose. 

It  was  not,  therifore,  till  the  very  recent  date,  when  Mr 
Jacob  Perkins  (whose  indefatigable  labours  and  extraordinary 
inventive  powers  are  so  well  known  and  so  highly  appreciated) 
had  produced  blocks  ofsteel  soft  enough  to  receive  the  impres- 
sions of  our  tools,  and  form  a  ground  upon  which  we^ve 
been  able  to  accomplish  every  thing  required.  thatjHBfrt 
of  engraving  in  mezzotinto  upon  steel  can  be  said  to  ha'JSf^d 
its  conpiencement. 

In  the  month  of  January  1820,  Mr  Say  made  an  engraving 
on  one  of  Mr  Perkins's  blocks,  and  it  was  decidedly  the  best 
specimen  then  produced.  In  February  l^ljl  engraved  a 
portrait  on  the  first  steel  plate  I  ever  saw.  It  jB^  been  given 
to  me  by  the  late  Mr  Lowry,  and  it  turned  our  so  satisfecto- 
rily  as  to  meet  the  approbation  of  Sir  Thomas  Lawrence. 

On  tl)e  30th  of  May,  1822,  Mr  Lupton  received  the  gold 
medar&om  your  Society,  for  his  adinirable  performance,  the 
Infant  Samuel.  From  the  good  fortune  which  has  crowned 
Ibc  latter  experiments,  steel  platGHi^bave  obtained  jt  decided 


« 


< 
preference  over  those  of  copper  for  engraving  in  mezzotinto ; 
and  the  beautiful  specimens  now  before  the  public^  from  the 
hands  of  Messrs  Ward,  Reyinolds^^av,  Lupton,  apd  other 
artists,  require  only  to  be  seen  to  be  admirea* 

In  engravings  in  mezzotinto  upon  steel  the  tones  ^t%Sss 
better  defined  than  those  obtainable  upon  copper. :  From  the 
superior  density  of  the  former  metal,  the  clearness  of  the 
lighter  tints  is  carried  to  much  greater  perfection  ;  and,  from 
the  same  cause,  the  darks  have  also  a  decided  preference^ 
being  distinguished  by  their  superior  richness.  The  advan- 
tages in  these  respects  are  so  numerous,  that  all  the  deficien- 
cies, which  were  formerly  irremediable  in  mezzotinto  en- 
graving, are  entirely  mastered;  and  the  numerous  diifficulties^ 
with  which  the  artist  was  always  contending,  completely  dis- 
sipated; although  the  process  is  much  longer  and  more 
tedious  on  steel  than  on  copper;  yet,  when  completed,  it  ia 
80  fterfectly  ^lisfactory  as  fully  to  reward  the  additional 
labour.  The  instruments  used  in  engraving  in  meezotinta 
upon  steel  are  preciselv  the  same  as  those  employed  in  ei>- 
graving  upon  copper.  When  a  deep  black  is  required,  twic^ 
the  number  of  ways  will  be  found  desirable ;  from  sixty  to  a 
hundred  will  not  be  too  many*  Steel  plates  are  now  so  well 
prepared,  and  are  become  so  common,  that  they  are  easily 
obtained  by  all  who  desire  them ;  the  best  are  those  manu- 
factured by  Mr  Rhodes  and  Mr  Hool,  of  SheflSeld,  who  have 
paid  every  attenrion  to  rendering  them  fit  for  the  purpose  of 
the  artist.  They  may  also  b^  had  of  Mr  Harris,  Shoe-lane, 
London. 

I  believe  that  I  shall  not  be  thought  to  entertain  an  errai 
neous  opinion,  when  I  express  my  belief,  that  it  is  solely  to 
the  introduction  of  engraving  upon  steel  into  this  country  by 
Mr  S^kins,  that  we  are  inaebted  for  the  present  siiccessfut 
appUe^tioi)  of  the  same  metal  to  the  art  of  engraving  in  mez- 
zotinto. 

in  conclusion,  it  may  be  serviceable  to  add  a  waffiing  re- 
ceipt, which  the  novelty  of  the  use  of  steel  in  the  aitoi  en- 
f raving  somew.bat  imperiously  requires.  Great  care  should 
e  taken  to  s%ve  the  steel  from  rust,  which  is  done  by  warm- 
ing the  plate^«nd  rubbing  sheep's  suet  (from  the  animal) 
over  it,  and  keeping  it  near  a  fire  or  in  a  dry  room ;  without 
this  precaution  n^uch  mischief  will  arise.  ^ 
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Art.  hK.-^-Additianal  Experiments  and  Observations  on  the 
Application  of  Ekctrical  Combinations  to  the  Preservation  of 
the  Copper  Sheathiw  of  Ships  and  other  Purposes*  By  Sir 
Humphrey  Daw,  fiart.  Pres.  R.  S.* 

I  HAVE  already  had  the  honour  of  communicating  to  the 
Royal  Society  the  results  of  my  first  researches  on  the  modes 
of  preventing  the  chemical  action  of  fluid  menstrua,  such  as 
saline  solutions  or  sea  water  containing  air,  on  copper,  by  the 
contact- of  more  oxidable  metals. 

For  some  months  I  have  been  engaged  in  a  series  of  new 
experiments  on  this,  subject,  so  important  to  the  navigation 
and  commerce  of  the  country ;  ana  through  the  liberal  and 
enlightened  views  of  Lord  Melville,  and  the  LiOrds  of  the 
Admiralty,  who  desired  the  commissioners  of  the  navy  board 
and  of  the  dock  yards  to  give  me  ^ery  assistance  in  their 
power,  and  all  the  facilities  which  our  magnificent  naval 
establishments  at  Chatham  and  Portsmouth  furnish,  I  have 
been  enabled  to  conduct  my  operations  upon  a  very  large 
scale*  At  this  advanced  period  of  the  session,  it  will  be 
impossible  for  me  to  give  more  than  a  very  short  notice  of 
experiments  which  -have*een  tried  under  a  great  variety  of 
circumstances,  and  the  details  of  which  would  occupy  some 
hours  in  reading;  but  I  cannot  deprive  myself  of  the  pleasure 
of  stating  the  satisfactory  and  conclusive  nature  of  th^  re- 
sults, many  of  which  have  even  surpassed  my  expectations. 

Sheets  of  copper,  defended  by  from  j^  to  j^Vt  psirt  of 
their  surface  of  zinc,  malleable  and  cast  iron,  have  been 
exposed,  for  many  weeks,  in  the  flow  of  the  tide  in  Ports- 
mouth harbour,  and  their  weights  ascertained  before  and 
after  the  experiment.  When  the  metallic  protector  was 
from  tV  ^^  TTT?  there  was  no  corrosion  nor  decay  of  the 
.copper.  With  smaller  quantities,  such  as  from  ji^  to  7^^, 
the  copper  underwent  a  loss  of  weight,  which  was  greater  in 
proportion  as  the  protector  was  smaller ;  and  as  a  proof  of 
the  universality  of  the  principle,  it  was  found  that  even  j^Vt 
part  of  cast  iron  saved  a  certain  proportion  of  the  copper. 

The  sheeting  of  boats  and  ships,  protected  by  the  contact 
of  zinc,  cast  and  malleable  iron  in  different  proportions,  com- 
pared with  those  of  similar  boats  and  sides  of  ships  unpro- 
tected, exhibited  bright  surfaces,  whilst  the  unprotected  cop- 

*  Fro^  the  Philoiophical  TmntactloBs  for  1824.    Fart  11. 
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per  underwent  rapid  corrosion,  becoming  first  red,  then  green, 
and  losing  a  part  of  its  substance  in  scales. 

Fortunately  in  the  course  of  these  experiments,  it  has  been 
proved  that  cast  iron,  the  substance  which  is  cheapest  and 
most  easily  procured,  is  likewise  most  fitted  for  the  protection 
of  the  copper*  It  lasts  longer  than  malleable  iron  or  zinc  ;  and 
the  plumbaginous  substance,  which  is  left  by  the  action  of 
sea-water  upon  it,  retains  tjie  original  form  of  the  iron,  and 
does  not  impede  the  electrical  action  of  the  remaining  metal. 

I  had  anticipated  the  deposition  of  alkaline  substn|c;es  in 
certain  cases  upon  the  negatively  electrical  copper.  This 
has  actually  happened.  Some  sheets  of  copper  that  have 
been  exposed  nearly  four  months  to  the  action  of  sea-water, 
defended  by  from  J^  to  j\  of  their  surface  of  zinc  and  iron, 
have  become  coated  with  a  white  matter,  which,  on  analysis, 
has  proved  to  be  principally  carbonated  lime,  and  carbonate 
and  hydrate  of  magncpia.  I'he  same  thing  has  occurred 
with  two  harbour  boats,  one  of  which  was  defended  by  a 
band  of  zinc,  the  other  by  a  band  of  iron,  equal  to  about  j'y 
of  the  surface  of  the  copper. 

These  sheets-  and  boats  remained  perfectly  clean  for  many 
weeks,  as  long  as  the  metallic  surface  of  the  copper  was  ex- 
posed ;  but  lately,  since  it  has  become  coated  with  carbonate 
of  lime  and  magnesia,  weeds  have  adhered  to  these  coatings, 
and  insects  collected  on  them ;  but  on  the  sheets  of  copper, 
defended  by  quantities  of  cast  iron  and  zinc,  bearing  a  pro- 
portion below  y}^,  the  electrics^l  po\yer'of  th^  copper  being 
less  negative,  more  neutralized,  and  nearly  in  equilibrio  with 
that  of  the  menstruum,  no  such  effect  of  deposition  of  alka- 
line matter  or  adherence  of  weeds  has  taken  place,  and  the 
surface,  though  it  has  undergone  a  slight  degree  of  solution, 
lias  remained  perfectly  clean :  a  circumstance  of  great  im- 
portance, as  it  points  out  the  Hmif$  of  protection  ;  and  makesL 
the  application  of  a  very  small  quantity  of  the  oxidable  mjjtaff 
mrfre  advantageous  in  fact  than  that  of  a  larger  one. 

The  wear  of  cast  iron  is  not  so  rapid,  but  that  a  mass  of  ,,,^. 
two  or  three  inches  in  thickness  will  last  for  some  years.  ?■** 
At  least  the  sonsumption  in  experiments  which  have  been 
going  on  for  nearly  four  months  does  not  indicate  a  higher 
ratio.  This  must  however  depend  on  the  relation  of  its  mass 
to  that  of  the  copper,  and  upon  other  circumstances  not  yet 
ascertained, — such  as  temperature,  the  relative  saltness  of  the 
sea,  and  perhaps  the  rapidity  of  the  motion  of  the  ship,— 
circumstances  in  relation  to  which  I  am  about  to  make  deci- 
sive experiments. 
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Many  singijlar  facts  have  occurred  in  the  course  of  these 
researches.  I  shall  mention  some  of  them,  that  I  have  con- 
firmed by  repeated  experiments,  and  which  have  connexions- 
with  general  science. 

Weak  solutions  of  salt  act  strongly  upon  copper ;  strong 
ones,  as  brine,  do  not  affect  it ;  and  the  reason  seems  to  be,' 
that  they  contain  little  or  no  atmospheric  air,  the  oxygen  of 
which  seems  necessary  to  give  the  electro-positive  principle 
of  change  to  menstrua  of  this  class. 

I  had  anticipated  the  result  of  this  experiment,  and  upon 
the  same  principle  of  some  others. 

Alkaline  solutions,  for  instance,  impede  or  prevent  the 
action  of  sea-water  on  copper;  having  in  themselves  the  pos- 
itive electrical  energy,  which  renders  the  copper  negative.. 
Lime-water,  even  in  this  way,  renders  null  the  power  of  action 
of  copper  on  sea-water.* 

The  tendency  of  electrical  and  chemical  action  being 
always  to  produce  an  equilibrium  in  the  electrical  powers, 
the  agency  of  all  combinations  formed  of  metals  and  fluids 
is  to  occasion  decompositions,  in  such  an  order  that  alkaline, 
metallic,  and  inflammable  matters  are  determined  to  the  nega- 
tive part  of  the  combination,  and  chlorine,  iodine,  oxygene, 
and  acid  matters  to  the  positive  part.  I  have  shown  in  the 
Bakerian  Lecture  for  1806,  that  this  holds  good  in  the  vol- 
taic battery.  The  same  law  applies  to  these  feebler  combi- 
nations, if  copper,  in  contact  with  cast  iron,  be  placed  in  a 
vessel  half  full  of  sea-water,  and  having  its  surface  partially 
above  that  of  the  water,  it  will  become  coated  with  carbonate 
of  lime,  carbonate  of  magnesia,  and  carbonate  of  soda ;  and 
the  carbonate  of  soda  will  gradually  accumulate  till  the  whole 
surface  in  the  air  is  covered  with  its  crystals: — and  if  the 
iron  is  in  one  vessel,  and  the  copper,  forming  an  arc  with  it, 
in  another ;  and  a  third  vessel  of  sea-water  in  electrical  con- 
nexion by  asbestus  or  cotton  is  intermediate,  the  water  in 
this  intermediate  vessel  continually  becomes  less  saline  ;  and 
undoubtedly,  by  a  continuance  oi  the  process,  might  be  ren- 
dered fresh. 

I  shall  not  take  up  the  time  of  the  society  by  referring  to 
some  obvious  practical  applications  of  these  researches,  to 
the  preservation  of  finely  divided  astronomical  instruments  of 
brass  by  iron,  of  instruments  of  steel  by  iron  or  zinc :  my 

I 

*  I  am  at  present  engaged  in  applying  this  principle  to  experiments  on  th* 
preservation  of  animal  and  vegetable  substances. 
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friend  Mr  Pepys  has  already  ingeniously  taken  advantage 
of  this  last  circumstance,  in  inclosing  finely  cutting  instru* 
ments  in  handjes  or  cases  lined  with  zinc,  and  many  other 
such  applications  will  occur*  I  cannot  conclude,  without 
mentioning  parlicularljr  ray  obligations  to  Sir  Byam  Martin, 
the  comptroller,  and  Sir  Robert  Seppings,  the  surveyor  of 
the  navy,  for  the  interest  thcv  have  taken,  and  the  zfeal  they 
have  shown  in  promoting  these  researches;  and  without 
stating  how  much  1  owe  to  the  care,  attention,  and  accuracy 
pf  Mr  NoIIoth,  master  ship-wright,  and  Mr  Goodrich,  me- 
chanist in  the  dock-yard  at  Portsmouth,  in  supermtendmg 
the  execution  of  many  of  the  ezperitnents. 


Art;  LXI. — Statt  of  the  Ccpptr  on  a  Ship*s  Bottom  with  ex- 
cess of  Protectiottj  and  of  the  Cast  Iron  Protector^  afitr  a 
Voyage  to  the  West  Indies.  [Ann*  PhilosJ] 

Wk  have  received  the  following  communication  from  Dr 
Traill,  of  Liverpool,  who  states,  that  Mr  Horsfall  is  tho 
owner  of  the  vessel  mentioned  in  his  letter,  and  adopted  Sir 
Humphrey  Davy^s  method  of  defending  the  copper  sheath- 
ing of  ships'  bottoms,  immediately  on  its  promulgation.  Dr 
Traill  adds'  that  the  surface  of  the  protecting  metal  to  that  of 
the  copper  somewhat  exceeded  the  proportion  assigned  by 
Sir  Humphrey  Davy,  being  from  tIf  ^^  tit  of  ^^^  whole 
copper  surface  of  the  ship. 

The  first  fact  mentioned  in  Mr  Horsfall's .  letter  has  been 
long  known.  Mr  Daniell  formed  a  similar  substance  artifi- 
cially, eight  years  since,  by  immersing  a  cube  of  grev  cast 
iron  in  diluted  muriatic  acid  (see  Journal  of  Science,  vol*  ii.)  $ 
and  in  the  same  Journal  (vol.  xii.  p.  407),  mention  is  raaae 
t)f  a  cast  iron  gun,  which  oy  lone  immersion  in  sea-water, 
was  incrusted  to  the  depth  of  an  mch  with  a  substance  hav- 
ing all  the  exterior  characters  of  impure  plumbago.  As  to 
the  state  of  tae  Tickler's  bottom,  it  is  obviously  owing  to  the 
copper  having  been  over  protected.  (See  Annals  ofPhxloso- 
phy^  vol.  viii.  N.  S.  p,  364.)  It  is  stated  in  the  place  re- 
ferred to,  that  the  requisite  proportion  of  defending  surface 
to  that  of  the  copper,  as  far  as  had  then  been  ascertained,  is 
somewhere  between  yjir  ^^^  tiv  5  ^^^  proportion  at  present 
adopted  in  the  Royal  navy,  we  believe,  does  not  exceed 
j^T !    In  the  preceding  paper  from  the  Philosophical  Trans- 


Siaie  of  the  Copper  on  a  Ship^t  Bottom^  5Bd 

actions,  our  readers  will  observe,-  that  on  sheets  of  copper, 
defended  by  quantities  of  cast  iron  and  zinc  in  a  less  propor- 
tion than  t}^  no  deposition  of  alkaline  matter  or  adherence 
of  weeds  took  place ;  and  the  surface,  though  it  had  under- 
gone a  slight  degree  of  solution,  was  perfectly  clean,  "  a  cir- 
cumstance of  great  importance,  as  it  points  out  the  limits  of 
protection ;  and  makes  the  application  of  a  very  small  quantity 
of  the  oxidizable  metal  more  advantageous^  in  fact,  than  that 
of  a  larger  one/'  Mr  HorsfalPs  letter  is  a  candid  statement 
of  a  fair  experiment,  and  the  result,  as  far  as  it  can  be  learn- 
ed, is  the  saving  of  the  ^whole  of  the  copper.  Whether,  in 
short  voyages,  the  adhesion  of  small  barnacles  is*  a  disadvan- 
tage which  more  than  compensates  this  saving,  we  are  igno- 
rant ;  but  if  so,  a  smaller  quantity  of  protecting  surface  must 
be  used ;  and  the  exact  proportions  for  different  vessels  and 
voyages  will  be  known  after  a  few  experiments.  Sii*  Hum- 
phrey Davy  is  still  earnestly  pursuing  his  inquiries  on  this 
important  subject ;  and,  we  believe,  has  discovered  some  new 
ana  interesting  facts  with  respect  to  the  conducting  powers  and 
electro-chemical  changes  of  metals  in  saline  solutions,  which 
enable  him  to  preserve  a  considerable  portion  of  the  copper 
-without  any  great  con^umption  of  oxidable  metal.  In  the 
experiments  now  going  on,  a  nail  of  zinc  or  iron  is,  we  be- 
lieve, placed  under  the  copper,  and  in  contact  with  it ;  and 
the  moist  paper  upon  the  wood  of  the  .ship,  in  which  the  nail 
is  placed,  preserves  the  electrical  circuit  with  the  sea  water; 
so  that  there  is  no  appearance  of  protection  on  the  outAde^ 
though  each  sheet  of  copper  has  its  own  protector  of  ^1^  or 
f\^  it  surface. 

Extract  of  a  letter  from  Charles  Horsfall^Esq.  to  Dr  Traill. 

Liverpool,  Feb.  19, 1824. 

^^  The  brig  Tickler  arrived  here  from  Kingston,  Jamaica^ 
about  three  weeks  ago. ;  She  had  been  out  on  the  voyage 
from  this  port  to  Jamaica  and  back,  not  quite  five  months ; 
previously  to  her  sailing  she  had  been  new  coppered.  Bars 
of  cast  iron,  three  inches  broad  and  one  inch  thick,  covering 
about  100th  part  of  the  surface  of  the  copper,  were  placed 
upon  each  side  of  the  keel  from  the  stem  to  the  stern,  and 
fastened  on  with  copper  spike-nails.  The  Tickler  went!  into 
the  graving  dock  to-day.  I  attended  before  the  water  had 
quite  left  her ;  and  immediately  on  the  iron  on  the  keel  being 
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Tisibk,  I  went  into  the  dock  to  examrrne  it.  The  u^ual  tfast 
of  red  rust  ^ippeared  upon  it,  but  Upon  apptying  a  ship^ft 
scraper  to  it,  I  found  the  iron  quite  soft  to  th^deplb  of  neaffly 
half  an  inch.  A  quantity  was  scraped  off  which  had  aH  ibt 
appearance  of  black  lead,  and  on  naitdhng,  it  sbiled  the  fin- 
gers in  the  ^ame  way  that  black  lead  does,  and  becami;  ^/te 
Mt  in  the  ftpace  Of  a  minute  bt  two ;  the  innef  pan  of  th6 
iron  bar,  or  that  next  the  copper,  being  quite  hard.  1  iff^p^ 
ped  a  ftmall  quantity  in  paper,  and  put  it  in  my  podk^t ;  Uni 
on  taking  it  out  again,  in  about  a  quarter  of  ah  hour,  it  had 
become  very  hot,  and  smoked,  and  ftOoh  asbuiDed  the  appear- 
ance of  rusted  particles  of  iron.  The  bars  of  irtm  had  b^n 
very  litile  reduced  in  substance  during  thfe  voyage. 

"  With,  respect  to  th^  copper,  sdcb  part  of  it  afc  Was  not 
covered  xvith  barnacled  appeared  bright;  and.  as  fkr  as  t 
could  judge  from  such  an  inspection  of  it,  as  perfect  and  en- 
tire as  when  it  was  put  on ;  but  /  ntnt  sttto  a  ship^s  Mlwn 
more  thickly  studded  with  barnacles^  nor  any  that  were  mor^ 
difficult  to  scrnpe  off.  They  were  all  rather  small.  It  was 
only  on  the  lower  part  of  the  bows,  and  about  two  inches 
above,  and  four  inches  below  the  ih>n  bars,  that  the  copper 
was  not  covered  with  barnacles ;  excepting  the  upper  palt  of 
it  which  had  been  little  under  Water. 

"  Several  vessels  are  expected  to  return  frotti  the  East  and 
West  Indies  in  the  ensuing  month,  having  had  wrmj^ht  iron 
toplied  in  the  same  manner  that  the  cast  iron  was  in  the 


Tickler. 


(Signed)        CHARLES  HORSPALL;^ 


Art.  hXU^-^Some  Account  of  the  Dissection  of  a  Simia  Sa(y- 
rus^  Ourang  Out€tng,  or  W%ld  Man  ofth^  Woods.  Br  John 
JferfRiEs,  M.  D.    [Communicated  by  the  Author.] 

Thb  attention  of  the  medical  profession  to  comparative 
anatomy,  and  the  interest  which  the  naturalist  f6els  in  prose- 
cuting tnis  interesting  study  are  my  inducements  for  offei*ing 
the  following  account  of  an  animal  which  forms,  in  the  chaih 
of  created  beings,  the  connecting  link  of  brutes  to  man. 

Many  have  been  disposed  to  doubt  the  existence  of  'such 
an  animal  as  the  Satyrus,  and  more  have  been  incredulous  of 
tny  remarkable  similarity  in  structure  to  man.    Such  dotibCs, 
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I  thi^l^  nau^t  b^  reipov^  by  an  examifiatioo  of  tbe  anatomi* 
QajL  prep^ratipAS  1  have  been  enabled  to  make  of  him.* 

%  bi^  anii^al  is  a  aalive  of  Borneo,  an  Asiatic  island  under 
(he  eqyatoir,  in  longitude  from  110'' to  ISO^'East*  This  in- 
dividual wa^  carried  froii)  Borneo  tQ  Batav  ia,  and  came  into 
\h^  pofiis^;»$iQn  Qf  Mr  Forreartier  of  that  place,  where  he  re- 
mained ftome  tinae«  By  him  he  was  sent,  consigned  to  Mr 
Charles  Tbatcher^  qierchant,  of  this  place,  in  the  Octavia, 
Captain  Blancbard*  H«  died  on  tbe  nidu  of  the  second  of 
^une,  the  first  nfter  bis  arrival ;  disappointing  the  sanguine 
^pect^tMWS  of  bi9  owneni  of  great  pecuniary  remuneratioji 
from  bis  exhibition  in  public. 

In  his  external  appearance,  our  subject  resembled  an  Afri- 
can, with  the  neck  somewhat  shorter  and  the  bead  projecting 
more  forwanji«  He  was  three  feet  and  a  half  in  height,  H^ 
was  covered  with  hair,  except  his  face,  the  palms  of  tbe  hands^ 
and  feet^  which,  were  all  of  the  colour  pf  the  negro.  The 
bair  was  of  a  dun  colour,  inclining- to  black.  It  resembled 
Xhe  h^ir  of  the  human  body  more  than  that  of  brutes,  in  con- 
sisiiiig  all  of  one  kind,  and  not,  as  in  quadrupeds,  of  two  forms  of 
plicsB.  On  the  head  the  course  of  the  hair  was  forward  and 
upward;  before  the  ears  it  was  downwards.  There  was 
very  little  on  the  anterior  part  of  the  head,  leaving  him  an 
extensive  forehead,  On  the  arm,  its  course  was  down,  on 
•the  fore  amp,  up*  It  was  longest  on  tbe  back  of  the  arms 
and  thi^hs^  measuring  from  six  to  seven  inches.  His  ears 
>vere  thm,  small,  and  handsome,  Iving  close  upon  the  head. 

His  eyes  were  ba^le  coloured,  bright,  and  somewhat  deep 
in  the  sockets^  His  brow  was  prominent,  to  defend  the  eyes 
from  injury  in  the  woods.  He  had  very  little  hair  on  the 
brow.  His  nose  was  flat.  His  lips  were  very  large  and 
thick,  more  so,  than  those  of  any  negro  I  ever  saw.  His 
phin  vas  broad  an(}  projecting,  as  was  likewise  the  upper 
jaw.  I] is  chest  was  roqnd,  full,' and  prominent.  His  shoul- 
ders were  set  well  back.  His  scapulae  were  flat  and  close 
behind*  Hi3  waist  was  small.  His  hips  were  flat  and  nar- 
row, H.i9  anns  were  very  long,  the  fingers  reaching  to  the 
ancles.    IJis  lowejr  extremities  were  short  and  small  in  pro- 


^  I  eanAOt  sofflcleotly  regret  tbe  season  of  the  year  In  which  he  fell  Into 
my  hands,  w^ieh  has  prevented  that  paUent  and  slow  dlsseetion  whieh  alone 
could  enable  me  lo  give  a  eorrecit  and  faU  description  of  his  internal  stmc- 
tore.  The  above  Is  tbe  best  aoconnt  I  can  offer,  from  a  dissection  prose- 
coted  witb  th^  temperatiire  fat  severiil  days  from  8^^  to  M^  ^ 
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portion  to  the  rest  of  the  animal.  He  had  the  spiral  lines 
like  human,  on  the  tips  of  the  fingers,  and  the  lines  of  palmis- 
try on  the  bands,  and  also  on  the  lower  limbs.  He  had  the 
bend  of  the  spine  above  the  sacrum.  There  was  no  projec- 
tion of  the  coccyx.  His  nates  were  small,  as  were  also  the 
calves  of  his  legs,  which  had  however  some  figure.  His 
mammae  and  umbilicus  were  distinct.  The  scrotum  was  very 
small,  being  merely  a  little  laxity  of  the  skin  at  this  part. 

The  account  which  I  have  learned  from  Captain  Blancbard 
illustrates  his  habits  and  manners. 

He  was  put  on  board  the  Octavia,  under  the  care  of  this 
gentleman,  and  had  a  house  fitted  for  him,  and  was  provided 
.with  poultry  and  rice  sufficient  for  the  voyage.  Captaia 
Blancnard  first  saw  him  at  Mr  Forrestier's  house  in  Batavial 

While  silting  at  breakfast,  he  heard  some  one  enter  a  door 
behind,  and  found  a  hand  placed  familiarly  on  his  shoulder; 
on  turning  round,  he  was  not  a  little  surprised  to  find  a  hairy 
negro  making  such  an  unceremonious  acquaintance. 

George,  by  which  name  he  passed,  seated  himself  at  table 
by  direction  of  Mr  Forrestier,  and  after  partaking  of  coffee 
&c.  was  dismissed.  He  k(*pt  his  house  on  ship  board,  clean, 
and  at  all  times  in  good  order ;  he  cleared  it  out  daily  of 
remnants  of  food,  &c.  and  frequently  washed  it,  being 
provided  with  water  and  a  cloth  for  the  purpose.  He  was 
very  cleanly  in  his  person  and  habits,  washing  his  hands  and 
face  regularly^  and  in  the  same  manner  as  a  man.  He  was 
docile  and  obedient,  fond  of  play  and  amusement;  but  would 
sometimes  become  so  rough,  although  in  good  temper,  as  to 
require  correction  from  Captain  Blanchard,  on  which  occa- 
sions he  would  lay  down  and  cry  very  much  in  the  voice  of 
a  child,  appearing  sorry  for  having  given  offence.  His  food 
was  rice  paddy  in  general,  but  he  would,  and  did,  eat  almost 
any  thing  provided  for  him.  The  paddy  he  sometimes  eat 
with  molasses,  and  sometimes  without.  Tea,  coffee,  fruit,  ^c. 
he  was  fond  of,  and  was  in  the  habit  of  coming  to  the  table 
at  dinner,  to  partake  of  wine ;  this  was,  in  general,  claret. 

His  mode  of  sitting  was  on  an  elevated  seat,  and  not  on  the 
floor.  He  was  free  from  some  of  the  peculiar  propensities  of 
monkeys.  His  bowels  were  in  general  regular.  The  di- 
rections given  by  Mr  Forrestier  were,  in  case  of  sickness, 
to  give  him  castor  oil.  It  was  administered  to  him  once 
on  the  beginning  of  the  passage,  and  produced  full  vojpiting 
and  free  catharsis  with  effectual  relief.  He  sickened  a 
second  lime  on  the  latter  part  of  the  voyage,  and  resisted 
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the  atteoipts  of  the  Captain  and  several  strong  men  to 
get  the  oil  into  the  stomach.  He  continued  to  fail-  gradu- 
ally, losing  his  appetite  and  strength  until  he  died,  much 
emaciated,  soon  after  the  ship  anchored.  Obstruction  of 
the  bowels  was  no  doubt  the  source  of  his  sickness  and 
cause  of  his  death.  Capt.  Blanchard  used  to  feel  his  pulse 
at  the  radial  artery,  and  describes  it  to  be  like  the  human. 
It  was  probably  quicker.  His  mode  of  walking  was  always 
erect,  unless  when  tired ;  he  would  then  move  or  rest  on 
all  fours.* 

The  skin  was  attached  very  closely  to  the  body  at  all 
parts,  particularly  on  the  face,  hands,  elbows,  and  soles  of 
the  feet.  He  had  no  cutaneous  muscle  except  the  platisma 
myoides.  This  was  not  connected  on  its  inner  surface,  but 
formed  a  large  pouch  extending  from  the  chin  to  the  sternum, 
continuing  round  to  the  sides  of  the  neck*  It  was  supposed 
by  those  who  saw  him,  to  be  a  receptacle  for  food.  This 
was  not  however  its  purpose ;  for  it  communicated  with  the 
larynx  and  not  with  the  pharynx,  as  will  be  described  when 
speaking  of  those  parts. 

The  abdomen  presented  a  view  so  similar  to  the  human, 
that  it  required  some  attention  to  note  any  peculiarities.  The 
omentum  was  small,  lying  high  up  the  intestines,  coloured 
with  bile,  as  were  the  bowels  generally.  The  peritoneal 
folds  were  very  strong,  particularly  the  ligaments  of  the 
liver,  the  mesentery,  &c. ;  the  caput  coli  was  also  strongly 
confined  to  its  place.  The  spermatic  cord  received  its  parts, 
and  passed  obliquely  under  the  muscles  and  came  out  at  pbu- 

f)arls  ligament,  as  in  man.  The  proportion  of  the  small  to  the 
arge  intestines  was  about  the  same  as  in  the  human  subject. 
The  arch  and  sigmoid  flexure  of  the  colon  exceedingly  re- 
sembled the  human.  He.  had  the  appendix  vermiformis 
very  long,  measuring  four  inches.  This  I  found  full  of  small 
stones  and  some  pieces  of  egg  shell,  together  with  liquid 
fceces.  The  large  intestines  were  found  loaded  with  indu- 
rated foBces  from  the  caput  coli  to  the  extremity  of  the  rec- 
tum. The  stomach,  in  situation  and  figure,  was  like  a  man^s ; 
its  cardiac  orifice  was  perhaps  smaller,  and  the  pylorus 
larger;  its  dimensions  were,  when  inflated,  from  one  orifice 
to  the  other  round  the  fundus,  ten  and  an  half  inches ;  across 

*  This  circamstance  I  was  not  informed  of  until  after  I  had  completed  bis  dis- 
section, and  made  observations,  whicb  close  this  communication.  It  did  not 
therefore  influence  me  in  judging  from  his  anatomical  stmctare  of  his  natural 
mode  of  walking. 


k  meaMred  three  inches,  h  wm  uine  inches  io  cvtaoifii^ 
rence  round  the  fundas.  The  spleen  jra«  aUached  by  the 
rasa  brevia,  and  in  colour^  aixe^  and  ^tuation,  accorded  to 
man'a.  The  liver  was  very  much  like  ours,  of  a  deep  red 
colour,  and  divided  into  two  lobes,  but  the  &aure  was  not 
quite  so  distinct.  In  connexioo  with  the  other  viscerOi  it  apr 
peered  exceedingly  like  the  human.  The  gall  bladder  was 
much  bnger  and  smaller  round,  and  was  found  fuU  of  darli^ 
inspissated  bile,  which  could  with  diflSculty  be  crowded 
along  the  duct.  The  pancreas  laid  upon  the  spine  as  in  nan. 
These  had  all  their  orifices  opening  into  the  bowels  io  the 
same  way  as  the  human.  The  kidneys  did  not  pre^ot  any 
difference,  except  that  the  renal  capsules  were  larger.  The 
bladder  was  small,  containing,  when  full,  about  two  gills. 
The  urethra,  prostate  gland,  vesicuiss,  &c.  were  situated  likf 
the  human,  'i  he  prepuce,  glans,  £^.  were  like  the  human, 
but  small.  The  organs  of  the  chest  resembled  the  humafi 
in  sise,  figure,  and  situation.  The  lunffs  did  not  present  quite 
so  much  difference  on  the  two  sides  as  m  man ;  that  of  the  left 
being  nearly  of  ihe  same  size  with  the  right,  carrying  the  heart 
more  towards  the  centre  of  the  thorax.  The  lungs  were  not 
so  distinctly  divided  into  jobes;  they  were  very  sound  and 
healthy  in  appearance.  The  heart  was  conical  like  man\ 
and  in  every  i*espect  resembled  the  human.  The  arch  of 
the  aorta,  and  the  descending  aorta  were  small,  in  propor- 
tion to  the  size  of  the  heart.  The  right  subclavian,  ris[ht 
and  left  carotid  arteries,  all  arose  from  the  Arteria  Innomio- 
inata ;  the  left  subclavian  rose  separately,  near  the  base  of 
this.  The  pericardium  was  connected  extensively  to  the 
diaphra|;m,  which  was  very  large  and  strong.  1  he  chest 
was  divuled  by  the  mediastinum,  and  the  thymus  gland  laid 
between  its  sides. 

The  mouth  and  fauces  resembled  the  human,  except  in  di- 
mensions ;  being  much  longer  from  front  to  rear.  The  ve- 
lum palati  was  without  the  uvula,  but  broader  and  more 
lax.  The  body  which  answered  the  purpose  of  the  uvub, 
was  situated  on  the  posterior  surface  of  the  velum,  and  when 
this  was  forced  backwards,  exactly  closed  the  posterior  en- 
trance of  the  nose.  The  glottis  and  epiglottis  resembled  the 
human.  The  os  hyoides  and  cartilages  of  the  larynx 
were  much  as  in  man.  Between  the  os  hyoides  and  the 
thyroid  cartilage,  there  were  on  each  side  two  openings  about 
a  quarter  of  au  inch  in  diameter,  leading  into  the  larynx  SKtld 
coming  out  at  the  base  of  this  cartilage.    A  valve  pUyed  at 


ttlNl  IkBCrlfiim  ^  ikt  tkOmtu  y^Tft 

tiM  MMor  «ip8Dbig  {H¥«ntk|g  ibe  paMkg«  of  an  itifttrMwnt 
downward,  but  it  passed  easily  upwards  into  the  pouch  oa 
the  neck,  which  has  been  mentimed*  This  pouchy  die  ani- 
mal coold  inflate  at  plnasure ;  for  what  purpose,  I  do  n^ 
know.  One  ut»e  migfat  be,  whan  inflated,  to  assist  in  support^ 
hig  hiiD  wheft  swtaMnin|. 

The  (iraift  weighed  nme  ostiGes  and  three  quarters*  The 
nerves  arose  from  this  in  the  same  manner  as  the  hunmn,  an4 
%ioA  their  e^t  firom  the  cranium  in  a  simiiar  waj.  The-  po* 
skioB  trff  die  brain  diffisTed  hj  the  anterior  lobes  being  more 
raised  in  consequeoce  i»f  die  projecting  platee  of  the  orbits 
int^Hnally,  and  by  Ibe  po6l^ri4»r  fobes  and  cerebellum  lying 
lower  than  the  human,  according  to  the  form  of  the  base  of 
(be  ^ranhitn*  This  organ  was  not  dissected*  The  muscles 
and  blood  vessels  could  not  be  so  tnihutely  examined  in  con^ 
aeqaence  of  the  wartnth  of  the  season,  as  to  enable  me  to 
give  6  correct  account  of  them.  The  muscles  were  in  gene- 
ral very  distinct,  having  their  fasciculi  of  fibres  remarkably 
strong*    The  blood  vessete  were  small* 

titscripiion  ofiht  Skeleton. 

The  whole  skeleton  is  thre^^*  feet  fout  inches  h^  From 
fte  £rst  vertebra  ctf  tiie  neck  to  the  end  of  the  coccyx,  it 
measures  nineteen  inches. 

Prom  the  head  of  the  humerus  to  the  end  of  the  middle 
finger  is  thirty  one  .inches;  the  end  of  this  finger  breaches  (o 
the  end  of  the  fibula. 

From  the  top  of  the  trochanter  major,  to  the  bottom  of 
the  OS  cakis,  b  seventeea  inches*  The  length  of  the  foot  is 
nine  inches  and  a  half.  The  length  of  the  hand  is  eight 
inches. 

A  line  dratmi  from  the  nose  to  the  occipital  protuberance, 
measures  eight  and  a  half  inches. 

Round  the  cranium  over  the  orbits  lo  the  occipital  protu- 
berance is  fourteen  inches. 

Prom  the  meatus  auditorius  of  one  side  to  that*<^  the 'Other, 
ttver  the  coronary  suture^  is  eight  inches. 

The  longitudinal  diameter  is  four  inches  and  an  eighth. 

I'he  lateral  diameter  is  three  inches  and  an  half. 
•    The  depth  from  the  vertex  to  the  foramen  magnum  is  three 
and  a  quarter  inches. 
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The  sutures  are  serrated,  and  resemble  very  much  the 
human. 

Il  has  the  os  triquetrum  perfect, 
•  I'be  orbitar  ridges  are  very  promineot. 

The  styloid  and  mastoid  processes  are  short. 

The  nasal  bones  are  wanting,  eiving  him  that  flat  or  si- 
*  mous  appearance,  from  which  is  derived  the  term  Wmto,  to 
distioguibh  the  ape  species. 

The  maxilla  superior  and  inferior  are  very  prominent, 
which  makes  the  facial  angle  more  obtuse  than  the  African. 

The  frontis  is  somewhat  high  and  projected. 

The  inferior  maxilla  is  closed  at  the  meotum,  which  is  a 
little  angular  and  projecting. 

The  teeth  consist  in  each  jaw  of  two  dentes  mcisivi ;  the 
two  middle  of  the  upper  jaw  are  very  long  and  broad,  mea- 
surins  seven  eighths  of  an  inch  in  length,  and  five  eights  in 
breaoth.  The  two  lateral  have  not  yet  fully  grown ;  two 
cuspidati  and  four  molar  teeth,  making  in  all,  twenty-eight. 

The  four  incisores  are  new  and  permanent  teeth ;  the  cus- 
pidati had  not  been  shed. 

The  first  molar  in  each  jaw  was  just  giving  place  to  the 
bicuspid. 

The  last  molar  in  each  jaw  are  permanent  teeth,  the  others 
were  about  befng  shed. 

I  should  judge  from  the  teeth,  that  thb  individual  was 
about  five  and  a  half  years  old. 

The  spine  consists  of  twenty  three  vertebrae,  viz.  seven  of 
the  neck,  twelve  of  the  back,,  and  four  of  the  loins. 

The  neck  is  short,  being  but  three  and  a  quarter  inches  in 
length.  The  vertebrae  composing  it  are  natter  before,  and 
not  so  round,  having  their  spinous  processes  much  longer  and 
rounder  than  in  man. 

The  first  vertebrae  of  the  neck  has  no  spinous  process,  be- 
ing in  this  respect  unlike  the  human,  which  has  a  small  one ; 
but  anteriorly,  it  resembles  man,  and  difiers  from  the  mon- 
key, in  having  an  eminence  rather  than  a  fissure. 

The  second  vertebrae  has  the  processus  dentatus  long,  and 
partly  cartilaginous ;  the  transverse  processes  are  so  also. 

The  vertebrae  of  the  back  are  like  those  of  man ;  they 
measure  eight  inches  and  three  quarters. 

The  vertebrae  of  the  loins  are  three  inches  in  length.  They 
have  their  transverse  and  spinous  processes  short  and  thick, 
like  man^s. 
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The  ilea  are  very  flat  and  are  articulated  to  the  sacrum 
as  in  man.  The  sacrum  differs  materially  from  the  human, 
being  more  flat  and  narrow;  it  consists  of  five  bones,  con- 
nected by  cartilage.  Indeed,  the  whole  pelvis  exhibits  a 
more  striking  difference  from  the  human  than  any  other  part 
of  the  skeleton. 

1  he  ileum  measures  from  the  anterior  superior  spinous 
process  to  its  junction  with  the  sacrum,  three  inches. 

The  ilea,  ischia,  and  pubes,  are  distinct  bones,  connected 
'  by  cartilage.    The  symphysis  pubis  is  also  cartilaginous. 

The  lateral  diameter  of  the  pelvis  is  two  and  a  half  inches. 
The  longitudinal  diameter  is  three  and  a  quarter  inches. 

The  pelvis  is  so  joined  to  the  spine  as  to  project  backward, 
and  so  flat,  that  a  perpendicular  line  from  the  bodies  of  the 
dorsal  vertebrae  falls  upon  the  pubis. 

I'he  coccyx  is  cartilaginous,  and  resembles  the  human  ;  it 
is  not  -SO  long,  and  has  no  appearance  of  a  tail. 

The  ribs  are  twelve  in  number,  articulated  and  curved  as 
much  as  the  human,  giving  the  animal  a  full  chest. 

There  were  eight  true  ribs  attached  to  the  sternum  by 
cartilage,  as  in  man,  and  four  floating  ribs. 

The  sternum  consists  of  four  bones  like  man%  but  more 
cartilaginous ;  the  ensiformis  longer. 

The  clavicle  remarkably  resembles  the  human  ;  it  is  not 
quite  so  much  bent,  and  measures  five  and  a  half  inches. 

The  scapulse  likewise  resemble  those  of  man ;  the  base  is 
narrower  and  longer ;  the  acromion  and  coracvid  processes 
are  more  cartilagmous  than  those  of  a  child. 

The  chest  gives  the  animal  the  greatest  resemblance  to 
man ;  the  position  of  the  shoulders,  the  articulations  of  the 
humerus,  clavicle,  and  scapula,  the  angle  of  the  ribs,  the 
prominent  thorax,  the  situation  of  the  arms,  all  so  much  re- 
semble the  human,  that  they  might  easily  pass  for  such. 

The  length  of  the  humerus  is  eleven  and  a  quarter  inches ; 
the  head  of  the  bone  is  cartilaginous ;  it  is  articulated  like 
the  human ;  on  the  lower  part  it  is  thinner  and  flatter  than 
man's ;  the  condyles  are  prominent  and  cartilarinous ;  the 
radius  is  eleven  mches  in  length;  it  is  somewnat  curved 
anteriorly,  in  other  respects  resembles  the  human. 

The  ulna  is  eleven  and  a  half  inches  long ;  it  has  a  large 
curved  projectk>n  at  the  lower  part  for  the  insertion  of 
muscles. 

The  bones  of  the  carpus  are  eight  in  number,  and  resem- 
ble the  human,  except  that  they  are  all  longer  and  a  little 
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narrower,  more  cartilagbous,  and  admit  of  more  free  notion 
upon  one  another* 

The  bones  of  the  metacarpus  are  five  in  nnmber,,  each 
about  three  inches  in  length,  except  that  of  the  thumb,  whicii 
is  an  inch  and  three  quarters. 

The  thumb  has  two  bones,  and  is  an  inch  and  a  half  in 
length. 

The  phalanx  of  the  fore  finger  is  four  inches  long,  that  of 
the  middle  and  ring  fingers,  four  and  a  half  inches ;  the  little 
finger  is  three  and  a  half  inches* 

The  articulation  of  the  femur  with  the  acetabulum  is 
almost  exactly  like  man's ;  the  neck  of  this  bone  forms  about 
the  same  angle.  In  quadrupeds,  this  forms  a  distinguishing 
characteristic,  being  in  them  nearly  a  right  ansle ;  the  iti- 
spection  of  this  joint  is  alone  sufficient  to  satisfy  tne  naturaUat 
of  at  least  the  facility,  if  not  the  natural  disposition  of  the  Sa- 
tyrus  to  walk  erect* 

The  femur  is  eight  and  a  half  inches  m  length  and  two 
inches  round ;  the  trochanters  and  condyles  are  cartilaginous 
and  prominent* 

The  patella  is  one  round  piece  like  that  of  man ;  it  is  but 
little  ossified  in  this  individual ;  the  tendon  connecting  it  to 
the  tibia  is  strong*  The  knee  joint  has  the  semilunar  cartip 
bges  and  is  connected  by  the  crucial  and  latteral  ligaments 
as  in  man.  The  tibia  is  seven  and  three  quarters  inches 
long  and  two  inches  round  at  the  upper  part* 

The  fibula  is  seven  and  a  half  inches  long  and  an  inch  and 
a  quarter  round ;  the  extremities  of  both  bones  of  the  kg  are 
cartilaginous* 

The  ankle  joint  is  formed  like  man^s. 

The  tarsus  consists  of  seven  bones  like  the  human ;  these 
are  mostly  cartilaginous,  and  admit  of  fi*ee  motion  one  upon 
another. 

The  OS  calcis  is  broad,  and  sufficiently  projects  behind  to 
support  the  erect  posture*  The  metatarsus  consists  of  four 
bones,  for  what  answers  to  the  great  toe  is  a  perfect  thumb 
of  two  joints,  but  not  on  the  range  of  the  other  toes;  indeed 
the  whole  foot  except  the  os  calcis  much  more  resembles  a 
hand  than  a  human  foot,  the  phalanges  being  loiter  and  con- 
sisting of  bones  similar  to  the  hand* 

From  the  structure  which  has  been  thus  cursorily  describ- 
ed, I  shall  note  those  peculiarities  whk:h  will  enable  us  to 
form  an  opinion  of  the  natural  mode  of  his  walking* 
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FiraU  Going  on  all  fours,  he  would  find  inconvenience  from 
the  elbow  joint ;  for  when  the  hand  is  placed  upon  the  ground 
flat,  the  flexion  of  the  joint  would  be  contrary  to  that  of 
quadrupeds,  by  bending  back  towards  the  body  instead  of 
forwaras,  which  would  rather  iiwede,  than  assist  progression. 
It  is  not  however  as  difficult  for  the  Satyrus  to  turn  the  joint 
forwards,  as  it  would  be  for  man,  on  account  of  the  curvature 
of  the  bones  of  the  fore  arm,  and  the  free  motion  which  ex- 
isted in  all  the  joints. 

The  roundness  of  the  chest,  and  the  scapulae  setting  so  far 
back,  would  make  it  difficult  for  him  to  bear  weight  upon  his 
hands ;  quadrupeds  have  the  chest  flat  and  the  scapulsB  far 
forward  upon  the  ribs. 

*  The  articulation  of  the  hip  would  make  it  more  easy  for 
him  to  go  erect,  on  account  of  the  little  angle  made  by  the 
neck  with  the  body  of  the  femur. 

Secondly.  In  walking  erect,  he  would  derive  advantage 
from  the  extension  of  the  o6  calcis  and  the  length  of  the  foot; 
and  also  from  the  f)osition  of  the  arms  so  far  back,  and  from 
their  length,  which  would  enable  him  to  balance  the  body  by 
them. 

Thirdly.  From  the  structure  of  the  viscera  he  seems  to  be 
peculiarly  formed  for  an  erect  posture. 

The  pericardium  being  united  extensively  with  the  dia- 
phragm, would  prevent  it  from  being  drawn  down  by  the 
weight  of  the  liver  and  abdominal  viscera.  In  quadrupeds 
this  is  not  necessary,  for  the  pressure  of  the  abdominal  con- 
tents assists  expiration,  and  if  the  pericardium  was  attached 
to  the  diaphragm  as  in  the  Satyrus  and  in  man,  inspiration 
would  be  impeded. 

The  exit  of  the  spermatic  cord  is  another  difierence  from 
quadrupeds.  It  does  not  pass  out  directly  fronf  the  abdo^ 
men,  as  in  the  doe,  but  perforates  the  peritoneum  and  muscles 
obliquely,  as  has  been  clescribed,  thereby  giving  that  admira- 
ble structure  to  fortify  the  groin  from  rupture,  which  exists 
m  man. 

The  viscera  of  the  abdomen  were  suspended  to  bear  weight 
in  the  erect  posture,  particularly  the  liver,  which  had  its 
ligaments  very  stronff. 

From  these  and  otner  circumstances,  apparent  from  an  ex- 
amination of  the  skeleton,  I  think  we  <nust  conclude  the  erect 
posture  to  have  been  most  natural.  At  least,  if  it  is  humili- 
ating to  dignify  him  with  the  title  of  a  biped,  )ie  stands  ac- 
quitted from  that  of  a  quadruped  from  the  peculiar  formation 
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of  his  lower  extremities.    We  must  then  denominate  him,  9b 
some  naturalists  have  done,  a  quadrumanus  animal. 

NOTE. 

The  preparations  which  have  been  made  from  himare 

The  skin  stuffed  and  prepared  to  exhibit  his  external  ap- 
pearance. 

His  natural  skeleton  entire. 

The  heart  fully  injected,  with  the  aorta  and  other  vessels, 
and  the  lungs  in  situ,  with  a 'portion  of  the  diaphragm. 

The  tongue,  larynx,  pharynx,  &c.  exhibiting  the  peculiar 
structure  of  its  connexion  with  the  pouch,  and  its  general  re» 
semblance  to  man's* 

Dried  preparations  of  the  stomach,  caput  coli,  and  iis  ap^ 
pendix,  and  of  the  urinary  and  gall  bladders* 
Boston,  July  Ut,  1825. 


Art.  LXIII. — Description  of  a  nondescript  Species  of  the  Genus 
Ctmdylura.  By  T.  W.  Harris,  M.  D.  Communicated 
by  the  author. 

The  genus  Condylura  was  constructed  by  llliger  for  the 
reception  of  the  Sorex  cristatus  of  Linnaeus,  the  Radiated  mok 
of  Pennant. 

This  name,  derived  from  xov^vXos^  a  knot,  and  ovgrj^  the 
tail,  is  essentially  bad,  as  it  is  founded  on  an  exaggerated  or 
caricatured  representation  of  the  tail  of  the  animal,  and  on  a 
structure  which  does  not  exist,  in  the  slightest  degree,  in  the 
species  to  be  here  described.  Desmarest,  who  has  amended 
the  characters  of  the  genus,  did  not  think  it  expedient  to 
change  the  name,  and  tnus  embarrass  nomenclature  with  a 
new  synonym. 

Cuvier,  m  the  Regne  Animalj  has  suppressed  the  genus 
Condylura,  being  confident,  he  says,  from  an  inspection  of 
the  teeth,  that  the  radiated  mole  is  a  Talpa  and  not  a  Sorex. 
Desmarest*  thinks  that  Cuvier  must  have  examined,  by  mis- 
take, the  denuded  head  of  a  true  Talpa,  instead  of  that  of 
the  Condylura.  He  observes  that  a  specimen  of  this  animal, 
sent  by  Le  Seuer  from  Philadelphia,  presents  characters  pe- 

^  See  Article  Taupe  ;  Nouveaa  Dlctionnaire  d'histoire  naturelle.  Toso. 
m ii.  Paris,  1819. 
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culiar  to  itself;  that  it  cannot  be  united  either  with  the  Ta^ 
or  Swiets^  but  holds  an  intermediate  rank  between  these  two 
tribes  or  families*  In  its  form  and  habits,  it  has  an  affinity  to 
the  former,  while  its  teeth  closely  resemble  those  of  the  latter. 
It  is  arranged  in  the  family  Soricii  and  genus  Scalops  by  the 
author  of  the  article  ^^  Mazology,'^  in  Brewster's  Encyclo- 
.psdia. 

The  SoREX  crisiatus^  with  another  animal  of  the  same  ge* 
nus  recently  detected  in  Maine,  might,  with  propriety,  consti- 
tute a  new  family  with  the  following  characters. 

Upper  and  lower  jaw  each  with  twenty  teeth ;  four  inci- 
sors only  in  the  lower  jaw ;  nostrils  carunculated ;  tail  scaly, 
of  moderate  length ;  feet  with  five  claws,  the  anterior  ones 
broad,  and  formed  for  digging  in  the  earth ;  the  hind  feet 
elongated,  slender ;  eyes  mmute ;  and  no  external  ears.* 

The  animals  of  this  family,  like  the  moles  and  shrew-mice, 
burrow  in  the  ground,  and  live  upon  insects. 

In  March,  1825,  a  small  animal  was  discovered,  near  Ma- 
chias,  in  the  state  of  Maine,  which  exhibits  the  characteristics 
of  the  genus  Conoylura,  but  which  is  evidently  distinct  from 
C.  cristatci^  the  type  oil  that  genus.  These  animals  both 
have,  in  the  upper  jaw,  six  incisors  implanted  in  the  prae- 
maxilary  bone,  the  two  intermediate  ones  large,  their  cutting 
edge  obliaue ;  the  adjoining  incisors  resembling  long  canine 
teeth,  slightly  triangular  at  base,  where  are  situated  two  mi- 
nute tubercles ;  each  external  incisor  isolated,  very  small, 
conic,  and  pointing  backwards.  Seven  molares  on  each  side ; 
the  three  first  resembling  canine  teeth,  and  may  be  consid- 
ered as  false  molares ;.  they  are  smaller  than  the  true  mola- 
res, are  isolated,  with  two  minute  lobes  at  base.  The  four 
posterior  molares  laree,  formed  of  two  layers  of  enamel,  fur- 
rowed externally,  and  tuberculated  within. 

The  palate  has  seven  transverse  ridges  between  the  inci- 
sors ana  the  first  two  molares. 

Lower  jaw  with  four,  flattened  and  projecting  incisors ;  five 
false  molares,  separated  from  each  other,  the  first  the  largest, 
and  each  of  them  with  three  or  four  small  lobes ;  three  true 
molares,  composed  of  two  layers  of  enamel,  channelled  within, 
and  tuberculated  on  the  outside. 

*  The  essential  characters  of  the  Shrewmice,  or  Sorieetf  are,  sii  or  eight 
cuUing  teeth  in  each  jaw,  the  intermecliate  ones  the  longest ;  tail  and  exter- 
nal ears  sometimes  wanting. 

The  family  of  the  Moles,  or  Talp^f  is  characterieed  hy  having  twenty-two 
teeth  in  each  jaw  ;  six  incisors  in  the  upper  and  eight  in  the  lower  jaw, 
equal  to  each  other ;  no  external  ears ;  tail  very  short ;  eyes  and  feet  as  in 
the  CondylwrtR. 
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Proboscis  elongate,  extensile ;  the  ndtal  extremity  naked, 
and  bordered  with  about  twenty  cartilaginous,  acaminated 
processes,  disposed  in  a  circle,  the  two  superior  ones  united 
at  the  base,  longer  than  the  others,  and  situated  a  little  ia 
advance  of  them* 

Neck  indistinct ;  legs  short,  the  bind  ones  placed  for  back  $ 
feet  five  toed,  the  anterior  ones  very  broad  and  scaly,  with  a 
series  of  curved  hairs  on  the  external  edge ;  the  nails  long 
and  straight*  The  hind  feet  a  third  longer  than  the  fore 
feet,  scaly,  narrow,  with  a  wartv  excrescence  on  the  inner 
part  of  the  tarsus ;  nails  slightly  curved  and  short.  Tail 
scaly,  and  thinly  covered  with  coarse  hairs.  Eyes  mindce. 
No  external  ears. 

The  species  from  Maine  appears  to  be  a  nondescript,  and 
may  therefore  receive  the  name  of  prasinata.  It  is  clothed 
with  a  long  and  very  fine  fur  of  a  green  colour,  with  a  few 
grey  hairs  at  the  extremity  of  the  tail.  The  nose  is  naked, 
the  caruncles  which  surround  it  in  a  stellate  manner  are 
twenty  two  in  number,  and  of  a  brownish  hue.  The  eyes  are 
exceedingly  minute,  and  are  entirely  concealed  by  the  fur. 
The  fore  feet  greatly  resemble  hands ;  the  palms  are  covered 
with  a  thick  cuticle,  and  on  the  inside  of  each  of  the  fingers, 
near  their  origin,  are  three  triangular  acuminated  scaled,  or 
cuticular  processes.  A  large,  rounded,  warty  excrescence 
is  situated  midway,  on  the  inner  and  lower  part  of  the  foot. 
The  specimen  was  a  male.  The  tail  nearly  three  quarters 
the  length  of  the  body,  very  small,  or  strangulated  at  its  in- 
sertion,  becoming  abruptly  very  large,  and  gradually  taper- 
ing towards  the  extremity.  The  caudal  vertebrs  were  not 
distinguishable  through  the  mass  of  fat  with  which  they  were 
enveloped,  and  of  which  the  tail  was  principally  composed. 
There  were  no  transverse  folds  or  ridges  on  the  tail,  its  sur- 
face being  perfectly  uniform,  nor  were  the  hairs  disposed  in 
distinct  whprls.  The  tail  of  this  species,  therefore  differs  es- 
sentially firom  that  of  the  cristata,  as  described  by  authors, 
and  induces  us  to  wish  that  Desmarest  had  changed  the  name 
of  the  genus  for  some  one  more  expressive  of  the  species 
which  compose  it. 

Length  of  the  male  Condylttka  prasinata^  from  the  end  of 
the  snout  to  the  origin  of  the  tail  four  and  a  half  inches. 
Length  of  the  tail  three  inches.  Circumference  of  the  body 
three  inches  and  three  quarters.  Circumference  of  the  tail, 
at  the  latest  part,  one  and  a  half  inch.  Average  length  of 
the  nasal  radii  five  twentieths  of  an  inch.    Length  of  the 
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hand  eight  tenths  of  an  iocb.  Length  of  the  longest  nail  three 
tenths  of  an  inch*  Length  of  the  foot  one  inch  and  one  tenth* 
Length  of  the  longest  nail  of  the  foot  five  twentieths  of  an 
inch.  Distance  between  the  eyes  rather  over  three  tenths 
of  an  inch.  From  the  end  of  the  snout  to  the  eyes  seven 
tenths  of  an  inch. 
MUOrn^  May  4,  1925. 


Abt.  LXiy. — On  the  Applicaiian  of  the  Barometer* to  the  Meor 
suremerU  of  Heights.* 

In  the  barometer  there  is  an  equilibrium  between  the  pres- 
sure of  the  mercury  and  that  of  the  atmosphere.  Now  when 
two  fluids  thus  counterbalance  each  other,  the  altitudes  are 
inversely  as  the  specific  gravities.  Accordingly,  as  the  spe- 
cific gravity  of  mercury  is  to  that  of  air  at  the  surface  of  the 
earth  as  13,57  to  0,00133,  we  shall  have 

0,00132  :  13,67  : :  30  :  ^y^?lj^^  =  333688. 

We  infer,  therefore,  that  the  height  of  the  atmosphere,  on  the 
supposition  of  a  uniform  density  throughout,  is  333688  inches, 
or  a  little  more  than  5  miles.  But  the  air  being  eminently 
elastic,  the  lower  strata  are  compressed  by  the  incumbent 
weight  of  those  above,  so  that  the  density  becomes  less  and 
less  conlinuafly  as  we  ascend.  Let  the  weight  of  the  column 
of  mercury  which  measures  the  pressure  of  the  atmosphere, 
exerted  upon  a  unit  of  surface,  be  denoted  by  g  A  A,  g  being 
the  force  of  gravity,  A  the  density  of  the  mercury,  and  h  the 
perpendicular  height  of  the  column  above  the  level  of  the 
surface  in  the  basin,  and  let  the  weight  of  the  atmosphere 
upon  the  same  surface  be  denoted  by  to,  we  shall  have 

g  A  ft  =  to. 

As  we  ascend  into  the  atmosphere,  the  weight  w  and  the 
height  h  diminish  continually,  and  these  diminutions  depend 


*  This  erCiole  is,  with  the  permissioii  of  Prof.  Farrer,  takea  from  "  Aa 
Elementarv  Treatise  od  Mechanics,  comprehending  the  Doctriue  of  Eqaili- 
briam  and  Motion,  as  applied  to  Solids  and  Fluids,  compiled  from  the  most 
approved  writers,  and  designed  for  the  use  of  the  StadeDts  of  the  UDiversity 
at  Cambridge,  N.  £.'*    Ket  yet  pahlished. 
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upon  the  ^evation  attained,  and  the  law  accordifig  to  'i^htefa 
the  densities  of  the  atmospheric  strata  decrease.  If  this  l^ 
were  known,  it  might  be  made  use  of  for  the  purpose  of  de- 
termining the  difference  in  the  ahitudes  of  two  points  above  a 
common  level,  as  the  sea,  or  any  assumed  level.  Bat  in  or« 
der  to  discover  this  law,  it  is  necessary  to  recur  to  certain 
experiments  relating  to  the  density  of  the  air  under  different 
pressures  and  at  different  temperatures. 

Take  a  recurved  glass  tube  jJflC,  open  at 
the  extremity  A  and  closed  at  the  other  ex- 
tremity  C ;  pour  into  it  a  quantity  of  mercury 

i'ust  sufficient  to  fill  the  bended  part  up  to  the 
lorizontal  line  D£,  so  that  the  air  confined  in 
the  shorter  branch  CE  may  be  neither  more 
nor  less  pressed  than  that  contained  in  the 
longer  branch  AD^  which  communicates  widi 
the  atmosphere.  The  mercury  being  at  the 
same  height,  therefore,  in  each  branch,  and  the 
communication  with  the  external  air  being  cut 
off,  if  we  introduce,  by  means  of  a  fine  tunnel, 
more  mercury,  we  shall  observe  this  Kquid  to 
>  stand  higher  in  the  branch  BA  than  in  the 
lo  other,  whereby  the  air  in  EC  will  be  condensed, 
the  compressing  forge  being  equal  to  the  difler- 
ence  of  the  two  columns.  If  the  space  EC, . 
supposed,  for  example,  to  be  4  inches,  were  re- 
duced one  half  or  to  F,  by  the  pressure  of  a  column  of  mer- 
cury extending  to  H,  drawing  the  horizontaf  line  J?Y?,  we 
should  find  the  difference  Ga  of  the  two  columns  exactly 
equal  to  the  height  of  the  barometer  at  the  time  of  the  obser- 
vation ;  so  that  tne  air  contained  in  the  space  CF  would  be 
pressed  by  the  weight  of  the  atmosphere  incumbent  upon  H 
and  by  the  weight  of  another  atmosphere  represented  by  the 
column  GH.  A  double  pressure,  therefore,  reduces  the  bulk 
one  half.  If  we  continue  to  add  to  the  weight  by  pouring  in 
more  mercury  till  the  confined  air  is  condensed  to  F'  or  to 
one  third  of  the  original  space,,  we  shall  find  the  additional 
quantity  necessary  to  this  effect  the  same  as  before,  that  is, 
the  column  GH'  will  be  equivalent  to  two  atmospheres. 
Thus  a  triple  pressure  reduces  the  bulk  of  the  confined  air 
to  one  third  the  space.  We  mi^ht  continue  to  increase  the 
weight,  and  we  should  in  every  instance  obtain  results  agree- 
able to  the  same  general  law. 
So-,  on  the  other  hand,  by  dimmishing  the  natural  pressure 
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exerted  upon  any  portion  of  air,  we  shall  still  find  the  bulk 
inversely  proportional  to  the  pressure.  Let  the  tube  ABC 
be  supposed  to  have  a  bore  not  exceeding  one  tenth  of  an 
inch.  A  drop  of  mercury  being  introduced  at  the  bend  A^  if 
the  whole  apparatus  be  placed  under  the  receiver  of  an  air 
pump,  and  the  air  be  exhausted  from  the  longer  branch,  till 
the  pressure  is  reduced  successively  one  half,  two  thirds,  &c. 
the  portion  of  air  confined  by  the  drop  of  mercury  will  ex* 
pand,  driving  the  drop  before  it,  and  will  occupy  successively, 
double,  triple,  &c.,  of  its  original  bulk.  We  infer,  therefore, 
tinivei'sally ,  that  the  space  occupied  by  any  given  portion  of  air 
is  reciprocally  proportional  to  the  pressure. 

In  order  that  this  law  may  hold  true,  however,  in  the 
strictest  sense,  it  is  to  be  remarked,  that  the  air  must  be  per* 
fectly  dry  ;  for  the  small  quantity  of  aqueous  vapour,  which 
is  ordinarily  found  mixed  with  the  atmosphere,  is  not  con- 
densed by  pressure  according  to  the  same  law,  as  will  be 
shown  hereafter. 

The  instrument  represented  at  page  584  is  called  a  mano* 
meter.  It  is  used  for  the  purpose  of  measuring  the  elastic 
force  of  other  gasses  besides  the  atmosphere  ;  and  they  are 
all  found  to  be  condensed  and  expanded  according  to  the 
above  law.  This  important  property  was  discovered  by 
Mariotte,  and  is  frequently  referred  to  under  the  name  of  the 
law  of  Mariotte. 

Recurring  to  the  first  experiment  above  dpscribed,  the 
pressure  exerted  upon  the  portion  EC  of  confined  air,  when 
the  recurved  part  of  the  tube  is  just  filled  with  mercury,  is 
that  of  the  atmosphere,  ov  g  Ah.  But  this  pressure  is  resist- 
ed and  counterbalanced  by  the  elasticity  of  the  confined  air, 
which  by  supposition  is  of  the  same  density  with  that  imme- 
diately surrounding  the  apparatus.  We  may  take  g  A  &, 
therefore,  as  the  measure  of  the  elastic  force  of  the  air  in 
question.  This  force  remains  the  same  so  long  as  the  air 
continues  of  the  same  density  and  the  same  temperature.  If 
a  manometer  be  removed  from  one  place  to  another,  care  be- 
ing taken  not  to  change  the  state  of  the  confined  air,  the  pro- 
duct g  Ah  which  represents  the  clastic  force  does  not  under- 
J;o  any  change.  But  if  the  gravity  g  varies  as  we  remove 
rom  one  place  to  another,  the  height  h  of  the  mercury  will 
also  vary  in  the  inverse  proportion  to  g,  the  density  A  of  the 
fluid  being  supposed  to  remain  the  same.  It  will  hence  be 
perceived  that  the  variations  in  the  heights  of  the  mercury  in 
the  manometer  are  capable  of  rendering  sensible  the  varia- 
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tioDS  of  gravitj^  and  may  even  be  employed  io  determifiiog 
the  augmentations  or  diminutions  of  this  force  arising  from 
changes  of  distance  with  respect  to  the  centre  pf  the  earthy  ^ 

Let  us  now  suppose  that  the  weight  of  the  atmosphere 
remaining  the  same,  the  temperature  of  the  confined  air  is 
raised  ;  as  this  air  expands,  its  bulk  will  be  increased,  and 
its  density  diminished,  Kow  we  know  by  the  careful  eicperi- 
meats  of  M.  Gay  Lussac  and  others,  1.  That  all  the  gases 
dilate  uniformly,  at  least  from  32^  to  2i3^  or  from  the  freez- 
ing to  the  boiling  point  of  water.  2.  That  the  dilatation 
arising  from  the  same  increase  of  heat. is  precisely  the  same 
for  aU  the  gases,  vapours,  and  mixtures  of  gases  and  va- 
pours«  3.  That  the  bulk  of  confined  gas,  at  thetemperatMre 
of  32%  being  considered  as  unity,  this  common  dilatation  is 
.0,375,  (or  a  little  more  than  one  third,)  for  130%  the  difien- 
ence  between  the  boiling  and  freezing  points  of  water ;  which 
gives  ^\\y  =:  x\j  or  0,00208  for  the  augmeolatioo  of  bulk 
.answering  to  1°  of  Fahrenheit.  Accordingly,  we  shall  hgtve 
for  the  bulk  or  space  occupied  by  the  portion  of  air  in  ques- 
tion 1  +  0,00'i08  n  at  the  temperature  denoted  by  n,  the  num- 
ber of  degrees  above  or  below  32,  the  latter  being  considered 
as  negative.  This  bulk  or  volume  may  be  reduced  to  its 
•original  lioHts,  by  bringing  the  temperature  back  to. 32%  or 
by  increasing  or  diminishing  the  weight  which  compresses  it^ 
.  without  altering  the  .temperature.  It  would  only  be  neces- 
sary, in  this  latter  case,  to  add  to,  or  take  from  the  weight  w, 
a  portion  equal  to  to  (0,00208)  w,  that  is,  to  substitute  Tor  w 
the  weight  w  (1  +  0,00208  n),  which  is  the  measure  of  the 
elastic  force  of  the  confined  air  reduced  to  its  original  density. 
Hence  the  bulk  and  density  remaining  the  satne^  the  elastic  force 
varies  with  the  temperature^  and  in  the  same  ratio. 

If  the  elastic  force  is  proportional  to  the  density  when  the 
temperature  is  the  same,  and  varies  with  the  temperature 
when  the  density  is  the  same,  it  will  be  easy  to  deduce  the 
value  of  this  force  in  terms  of  the  two  elements,  on  the  suppo- 
sition that  they  both  vary  together.  Thus,  putting  A  for  the 
density  of  the  air  in  question,  and  n  for  the  number  of  de- 
grees which  marks  the  temperature,  and  p  for  its  clastic  fc^xie 
or  pressure  exerted  upon  the"  unit  of  surface,  a  being  the  ratio 
of  the  elastic  force  to  the  density  at  the  temperature  of  32*, 
we  shall  have  p  =  a  A  (1  +  0,00208  n.)  (i.)  The  coefii- 
cient  a  is  constant  for  the  same  elastic  fluid,  but  is  different 
in  different  fluids,  and  irequires  to  be  determined  in  each  par- 
ticular case. 
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In  applying  the  results  above  stated  to  the  mass  of  air 
which  composes  the  atmosphere,  we  take  into  consideration 
only  a  single  vertical  colqmn  of  air,  supposed  to  rest  npon 
tTbe  surface  of  the  earth  and  (o  extend  indefinitely  upward. 
We  may  conceive  of  the  surrounding  mass  or  atmosphere  as 
congealed  or  rendered  solid.  If  it  were  previously  in  a  state 
of  equilibrium,  this  state  will  not  \?e  disturbed  by  such  a  sup- 
position ;  so  that  the  dolumn  in  question  will  still  be  in  equi- 
lltbrium  as  before.  Now  th^  force  which  acts  upon  the 
particles  of  air  is  gravity,  which  may,  without  sensible 
error,  be  regarded  as  exerting  itself  in  the  direction  of  the 
aerial  column  throughout  its  whole  extent,  or  at  least  as 
far  as  it  is  necessary  to  take  any  account  of  it.  Accord- 
ingly, H  k  necessary,  in  order  to  an  equilibrium,  that  the 
'density,  the  pressure,  and  the  temperature  should  be  con- 
sidered as  uniform  throughout  a  horizontal  stratum  of  infi- 
nitely small  thickness.  The  column  being  composed  of  an 
infinite  number  of  these  strata  or  lamina,  let  h  be  the  height 
or  distance  from  the  8m*foce  of  the  earth  of  one  of  these  strata, 
A  the  density  of  this  stratum,  t  its  temperature,  f^  its  rravity, 
p  its  elastic  force^,  ^  its  base,  and  d  h  its  thickness.  We  shall 
have  6pfoT  the  pressure  exerted  upon  the  interior  base,  and 
<Tfp— i-dp)  for  the  pressure  upon  the  superior  base;  the 
di^&rence  -^^dp  must  be  equal  to  the  ^^e\^hi<f  ^g' dhof 
this  stratum.  Hence,  by  suppressing  the  common  factor  <;, 
we  have  the  equation  — dp=zd^dh^  or,  substituting  for 

A  its  value      .^ — r  deduced  from  equation  (i),  the  fraction 

0,00208  being  for  the  sake  of  brevity  represented  by  e, 

^      a  (I  -f-  e  »)  ^ 

Wh^ce 

dp  ^  -g'dk 
p  a(  !<+«)' 

Nothing  can  be  bferred  from  this  equation  until  the  value  of 
n  is  given  in  terms  of  h*  Now  wc  know  that  the  temperature 
decreases  as  we  ascend  from  the  surface  of  the  earth,  l;>ut  the 
law  of  this  decrease  has  not  been  determined  in  a  manner  al- 
together satisfactory.  Fortunately  this  law  has  little  influ- 
ence upon  our  results  in  the  calculation  of  heights  by  the 
bSarometer,  on  account  of  the  smallness  of  the  coefficient  t; 
and  wem^jT)  in  questions  of  this  kind,  consider  ih^  ^mpera- 
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ture  as  constant,  provided  we  take  for  n,  in  each  particular 
case,  the  mean  ot  the  temperdtures  observed  ai  the  two  ex« 
tremc  points  of  the  height  h  to  be  determined.  Moreover,  a 
being  the  radius  of  the  earth,  and  g  the  gravity  at  the  sur^ 
(ace,  we  have,  at  the  distance  e  -|-  A  from  the  centre, 

,  _  gK» 

since  this  force  varies  in  the  inverse  ratio  of  the  square  of 
the  distance.  The  preceding  equation  becomes^  by  this  sub- 
stitution, 

dp    frn9  dh 

T   ""  o^l  +  enurt  +  A/' 
Whence,  by  integrating  on  the  supposition  that  n  is  constanl;. 
we  have 

m  being  equal  to  0,434295,  l4^*  denotes  the  common  ]o&r 
rithm  of  p.  To  determine  the  constant  C,  let  w  be  the  v^m 
of  p  answering  to  fc  =  0 ;  and  we  shall  have 

o  a(l-f-ei»)    * 

Consequently,  by  subtracting  the  preceding  equation  finom 
this,  we  obtain 

P       a{l+en)     n+h  ^' 

This  equation,  taken  in  connexion  with  equation  (i.),  gives  the 
values  of  p  and  A  in. terms  of  A.  Thus  we  have  equations 
containbg  the  laws  of  the  density  and  elastic  force  of  the  air 
which  belong  to  a  state  of  equilibrium  in  the  atmosphere. 

To  make  use  of  equation  (ii)  for  the  purpose  of  measuring 
heights  by  means  of  the  barometer,  let  us  suppose  the  baro^ 
metric  altitude  at  the  surface  of  the  earth  and  at  the  height  h 
to  be  known  by  actual  observation,  and  let  them  be  denoted 
respectively  by  9,  n/,  the  corresponding  temperatures  of  the 
mercurial  columns  being  represented  by  t,  t'.  The  expan- 
sion of  mercury  being  ttV-^  or  0,001025,  that  is,  0,001  nearly, 
for  each  degree  af  Fahrenheit's  scale,  if  d  be  the  density  cor- 
responding to  the  temperature  t  of  the  mercury  at  the  first 
Maticm, 

dO  +  0,001  (r  —  r') 
will  be  the  density  which  answers  to  the  temperature  of  the 
mercury  at  the  second  station.    Accordingly  we  have 
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«:=:  »/Jw,  and  p  =  Dg'o/  (1  +0,001  («:-r-^). 
The  correction  for  tht  upper  baromelric  column  on  account 
of:  difference  of  temperature  being  made  agreeably  to  this 
formula,  we  may  consider  «/  as  represenUng  the  length  of 
this  column  thus  corrected.  Whence^  dividing  the  first  of 
the  above  equations  by  the  second,  we  nave 

n  _  gw   _w        (r  +  A)»     f     . 

p-^-;p^  -"IT-'  ^""-^ 

substituting  for  g'  its  value  t-^tTkTj  *^^  consequently^ 

(r  +  A) 

log.^=:log.^,  +2log.(l  +  J), 
since  - 

fe±ffi  =  (l±»).  =  (.  +  !).. 

Let  T,  t',  be  the  temperatures  respectively  of  the  air  at  the 
sMrftice  of  the  earth  and  at  the  height  ft ;  t,  t^,  will  generally 
differ  from  t,  v',  the  temperatures  of  the  mercury  in  the  ba- 
rometer, since  the  latter  is  not  ordinarily  allowed  sufficient 
time  to  acquire  the  temperature  of  the  surrounding  air.  t,  t^, 
are  to  be  taken  by  means  of  a  thermometer  suspended  in  the 
air,  while  7,,^,  are  supposed  to  be  indicated  by  a  thermom- 

eter  attached  to  the  barometer.     We  take  n  =  --— 32. 

Moreover,  the  coefficient  j^j  or  0,00208,  representing  the 
elastic  force,  requires  to  be  increased  somewhat  for  the  pur- 
pose of  taking  account,  as  far  as  can  be  done,  of  the  quantity 
of  water  in  a  state  of  vapour  which  is  at  all  timies  mixed  with 
the  air  in  a  greater  or  less  quantity. ,  Indeed,  under  the  ordi- 
nary pressure  of  the  atmosphere,  the  density  of  aqueous 
vapour  is  to  that  of  air,  as  10  to  14 ;  consequently,  the  atmos- 
phere is  so  much  the  lighter  according  as  it  is  composed  in  a 
greater  degree  of  this  vapour.  Ndw  it  contains  so  much  the 
more  vapour  according  as  its  temperature  is  more  raised, 
whereby,  when  the  air  is  dilated  bv  heat,  its  weight  must  be 
diminished  in  a  higher  ratio  than  that  of  its  augmentation  of 
bulk.  We  increase  the  coefficient  0,00208  therefore  to 
0,00223*  or  ^  j-^,  which  has  been  found  by  actual  trial  to  give 
the  most  correct  results.    We  have,  accordingly,^ 

*  This  is  the  value  adopted  by  Laplace,  Poisson,  Bipt,  and 
others  from  the  very  extensive  and  careftd  researches  of  H, 
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en  =  o,OOSfts/5-±JE!  ^  sy\ 

Wc  DOW  substilule  inequalioa  (ii*).for.e.n  die  abwe  mloey 
aad  for  log.  -  the  value  found  io  equation  (iiu)^  and  w^  shall; 


obtain 


log.J  + Slog.  (1^+0=. 


1f.it 


o  (1  +  0,00225  ^?:±i  -  ir  )) 

Whence 


.^«(1  +0,002^(^  ^  32»))b  +  h 
h  =  log.  J+2log.(l+J) \l^  ^ 

=±.(l  +  o,00223(^~.  32»))log.^  +  2log.(l+J)(l+*)(«') 

The  best  means  of  determining  the  co-efficient  —  of  this 

formula,  is  to  make  use  of  a  height  (or  rather  a  number  of 
heights))  well  known  bv  actual  measurement,  or  bj^  trigonq^ 
metrical  operations.  We  then  substitute,  for  h  this  known 
value,  and  for  w,  n/,  t,  i/,  the  lengths  of  the  barometrical 
columns,  and  the  temperature  of  the  air  at  the  two  stations 
respectively,  and  for  r  the  mean  radius  of  the  eartk,  nam^ljt 
3481380  fathoms.     We  shall  thus  have  an  equation  frooa 

which  the  value  of  —  is  readily  deduced  once  foE  ali    Tfifc 

ing  the  mean  result  of  a  great  number  of  observations,  con? 
ducted  with  the  greatest  care,  by  M*   IjLampnd,  ^e  fiq^ 

— ,  for  the  latitude  of  45V  equal  to  18336t  meters,  or  I0Q3& 

RamoBd.  That  of  Sir  George  Shnckbni^h  is  0,00328,  which  19 
generally  employed  by  English  writers  upon  this  subject  Th« 
mean  of  the  two  is  0,00236. 

T  This  coefficient  was  actually  determined  for  the  latitiide  of 
about  43^.  But  the  correction  for  small  distances  in  Istitude  is 
«o  inconsiderable,  that  it  may  be  regarded  as  nothing.  Moreo- 
ver, the  coefficient,  if  corrected  at  all,  would  require  to  be  dimin- 
ished, and  it  18  thought  on  the  whole  less  liable  to  error  by  ex- 
cess than  by  deficiency. 

{The  coefficient  deduced  theoretically  firom  the  relative  den: 


Irb  %e  Mtdsui'dment  oftkighf^*  dM 

English  fathoms.  This  is  on  th^  stipposition  of  k^endrperature 
of  32^,  and  agreeably  to  what  has  been  said,  it  may  be  in- 
criea^ed  or  diminished  by  adding  or  sUbtrafcting  y}^  or  a 
Q,Q0223  part  for  each  degree  above  or  below  32**.  We  can 
therefore  reduce  it  to  10000,  instead  of  1002f6,  by  supposing 
the  temperature  somewhat  lower.  Thus,  since  36  is  0,0036 
of  10000 

0,00223  :  0,0096  :i  1**  :  1^16. 
If,  therefore,  we  subtract  1^16  from  32^,  we  shall  hare  3a%84 
or  3P  nearly,  for  the  temperature  at  which  the  constant  co- 
efficient is  10000  fathoms. 

Sfnfce  this  cdefficient  cotstnins  g,  k  ihust  vaty  with  g,  that 
is,  with  the  latitude.  Now,  according  to  the  law  of  the  vari- 
ation oif  gravity  in  different  latitudes,  if  g  represent  the  valut 
of  this  force  in  the  latitude  of  45^,  and  ^  that  of  any  other 
tatkude  L^  we  ^biill  have 

g/  3=  g  (1  —  0,t)02837  cos.  2  L). 
At  45°^  therefore,  where  cos.  2  L  =  0,  g'  =  g,  or  the  correc- 
tion is  6;  and  iTor  Viglier  lalitudeis  the  correction  is — ^,  6r 
•strbtittctive,  and  for  lower  latitudes  it  is  +9  ^  additive.- 
Whence,  generally, 

—  tn  idOOO**-  <1  +  0,002837  cos.  2  L). 
mg  ^  ^ 

By  means  of  this  Value  of  — ,  substituted  in  eqU2[tion(iv.) 

we  shall  be  able  to  determine  the  height  h  in  any  part  df  the 
earth,  whpn  ^,  a/,  t,  t',  corresponding  to  the  extreme  points 
of  A  are  KnoWn;  or  wfe  may  retain  the  coefficient  160OO  un- 
altered, and  apply  the  correction  to  the  result,  according  to 
the  following  table ; 

Latitude.  Correction.    . 

O''        .        .        +  ^It  of  the  approximate  height* 

15^  -  •      +T*T 

^^  •        •    +jJt 

so-        •        •        +tH 

«ities  of  mercury  and  air,  as  determined  by  Biot  and  Arago,  al- 
lowance being  made  for  humidity,  is  18334,1  metres,  differing 
less  than  2  metres,  that  is,  less  than  2  X  39,371  inches  from  the 
above. 
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w 

+  «W, 

4b* 

.        .    +0     ' 

60b 

•      -«Vr 

650 

•      —  TTTT 

60» 

-T*I 

66« 

.          .     -lit 

7fl» 

•'        -lit 

7B» 

.        .    -tK 

80* 

T^I 

85" 

•    —  lit 

90» 

'       — lii 

As  the  fraction  -  is  always  very  small,  we  shall  have  ve- 

ry  nearly  the  value  of  h,  independently  of  the  term  contain- 
ing this  fraction ;  by  substituting  the  approximate  value  thus 

obtained  for  A,  in  the  fraction  -,  we  shall  have  very  nearly 

the  correction  due  to  the  variation  of  gravity  at  different  ele- 
vations in  the  same  latitude ;  and  by  subtitituting  the  value 

of  h  thus  corrected  in  the  fraction  -  we  can  approximate  the 

true  height  still  more  nearly.  But  this  second  substitution 
is  altogether  superfluous  in  the  cases  which  ordinarily  occur. 

Indeed,  except  where  h  is  very  great,  we  may  neglect  r  en- 
tirely, and  the  general  formula  then  becomes 

*=  ^  (»  +  O.O0223  Q-±^)  -  320  )  kg.  ^, 

It  will  be  perceived  that  —  may  require  some  modifica- 
tion, in  order  that  the  formula  in  this  state  should  adapt  itself 
to  observed  heights  or  known  values  of  h ;  and  indeed  the 
observations  of  M.  Ramond  give,  for  the  value  of  the  coc^ 

cient  to  be  employed  in  this  formula,  — .  =  18393  metres, 

or  10031  fathoms,  exceeding  the  former  by  6  fathoms.  Ac- 
cordingly the  depression  of  the  temperature  below  32®,  requir- 
ed in  onier  to  change  this  to  the  more  convenient  form  of 
10000,  will  be  found  to  be  1^46 ;  retaining  the  coefficient 
.10000,  therefore,  we  have  only  to  suppose  the  temperature 
32*  —  1%45  or  30^55.  As  this  differs  less  than  half  a  degree 
from  31%  and  as  we  can  seldom  be  certain  of  the  temperature 
of  the  air  to  a  greater  degree  of  accuracy,  we  may  still  use 
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the  same  formula  without  any  change  than  the  omission  of 

the  term  depending  on  -.    We   have  hence  a  very  simple, 

t^onvenient,  and  for  common  cases,  sufficiently  exact  formula, 
namely, 

h  =  10000  (1  +  0,00223  ^L±I!^_31o)(log.  w—  leg.  a/.) 

This  being  adapted  to  the  latitude  of  45%  when  the  baro- 
metrical observations  relate  to  a  place  on  a  parallol  consider- 
ably distant  either  north  or  south,  it  will  be  seen  directly  by 
the  foregoing  table  when  it  is  necessary  to  apply  a  correction 
for  difference  of  latitude,  and  what  this  correction  is.  It  will 
be  recollected  that  the  lengths  of  the  barometric  colums  zd,  »/, 
which  represent  the  weights  of  the  atmosphere  respectively 
at  the  two  stations,  arc  supposed  to  be  reduced  to  the  same 
temperature.  The  upper  column  tt/  is  usually  the  coldest, 
and  consequently  too  short.  Now,  according  to  the  rate  of 
expansion  or  contraction  already  mentioned,  as  1  inch  is 
shortened  0,0001  for  each  degree,  a  column  of  25  inches  will 
be  shortened  0,0025  of  an  inch  for  each  degree  of  depression, 
and  consequently  0,01  for  every  — -  4**;  and  each  portion  of 
%5  inches  will  be  shortened  one  tenth  part  of  this,  or  0,001 
for  the  same  amount  of  depression  or , —  4®.  In  common 
chamber  barometers,  the  lengths  of  the  columns  are  read  oflf 
to  0,01  of  an  inch,  and  in  the  best  to  ^^^  or  0,001  of  an 
inch. 

The  best  time  for  taking  observations  with  the  barometer  for 
the  purpose  of  measuring  heights  is  during  settled  weather  and 
at  midday.  Observations  taken  in  the  morning  or  evening  are 
much  more  liable  to  be  erroneous  on  account  of  ascending  and 
descending  currents  of  air,  which  take  place  at  these  times. 
Moreover  a  course  of  continued  observations  is  more  likely 
to  lead  to  accurate  results  than  single  observations.  By 
means  of  accurate  registers  of  the  barometer,  the  difference 
of  level  of  places,^  however  remote  from  each  other,  and  their 
elevation  above  the  ocean,  may  be  ascertained  with  a  con- 
siderable degree  of  precision.  It  is  found,  for  example,  by 
numerous  and  careful  observations  in  different  parts  of  Eu- 
rope, as  stated  by  Biot,*  that  the  mean  height  of  the  baroifi- 
eter  at  the  level  of  the  ocean  is  0,7629  of  a  metre,  the  tem- 
perature being  12^8  of  the  centesimal  scale.    This,  reduced 

.s— a .'  ■  ■  pii 

*  Precis  6ur  la  Physique,  vol.  i,  p.  194.  3d  edition. 
VOL.  II.  NO.  6;  75 
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to  English  inches,  becomes  30,035,  and  13^,8  of  the  centesi- 
mal scale  corresponds  to  55^  of  Fahrenheit.  Now  the  mean 
of  33  years'  observation,  three  observations  a  day,  at  Cam- 
bridge, N.  E.  gives  for  the  height  of  the  barometer  at  the 
same  temperature,  39,997.t  Applying  the  formula  to  these 
observations,  we  shall  have  the  following  result, 
30,035  •  .  .  log.  1,47763 
39,997     .     .     .     log.     1,47708 

0,00055 
Multiplying  by  10000,  or  which  is  the  same  thing,  removing 
the  decimal  point  fo'}r  places  to  the  left,  we  obtain,  for  the 
approximate  difference  of  level,  or  the  elevation  of  the  place 
of  observation  at  Cambridge,  above  the  ocean,  5^5  fatnoms 
or  33  feet. 

Now  the  mean  temperature  at  Cambridge,  as  ascertained 
by  corresponding  observations  during  the  same  period  is 
48o,8 ;  and  if  we  take  the  temperature  at  Paris  as  the  mean 
temperature  of  the  places  at  which  the  above  result  for  the 
barometric  pressure  at  the  level  of  the  ocean  was  found,  we 
shall  have  51^9  as  answering  to  the  temperature  of  the  air 

at  the  lower  station.   Hence,     ^   7" — 30,55  =  30  near- 

ly ;  and  30  X  0,00333  =  0,45.    The  correction,  therefore, 
for  difference  of  temperature,  is 

38  X  0,045  =  1,5  feet  nearly, 
which,  added  to  33,  gives  34,5  for  the  elevation  of  the  place 
of  observation  at  Cambridge  above  the  level  of  the  sea.  Now 
the  actual  elevation  of  the  cistern  of  the  barometer,  as  care- 
fully ascertained  by  levelling,  is  found  to  be  31  feet.  In  the 
calculation  of  very  small  heights  near  the  level  of  the  ocean, 
it  is  very  common  to  dispense  with  the  formula  and  adopt  the 
following  rule,  namely,  as  0,1  t;  to  difference  in  the  barometric 
columns,  so  is  S7  feet  to  the  approximate  difference  of  level  re- 
quired ;  which  is  to  be  corrected,  if  necessary,  for  the  differ- 
ence from  31*  of  the  mean  temperature  of  the  air  at  the  two 
stations.     Thus, 

0,1  :  0,038  :  :  87  :  33,1, 
a  result  agreeing  very  nearly  with  that  derived  from  the 
formula. 

Thus,  mider  a  pressure  of  30  inches  of  mercury  at  the  tem- 
perature of  50<»,  0,1  of  an  inch  xA  mercury  answers  to  87  feet 

t  Memoirs  Am^  Acad.  vol.  iii,  p.  386. 
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of  atmosphere.  It  will  be  seen,  moreover,  that,  as  0,1  of  an 
inch  of  mercury  is  equivalent  to  87  feet  of  air,  0,01  answers 
to  8,7,  0,001  to  0,87,  and  ^Ij  to  1,14.  Hence  in  a  good 
mountain  barometer,  graduated  to  dOOths  of  an  inch,  there 
will  be  a  sensible  difference  in  the  pressure  of  the  air  arising 
from  a  chanee  of  altitude  of  less  than  two  feet,  or  two  thirds 
the  length  of  the  instrument. 

Formula  (iv.)  is  essentially  the  same  with  that  given  by 
Laplace  in  tne  10th  book  of  the  Micanique  Cileste^  but  sim- 
plined  after  the  example  of  Poisson,  and  reduced  to  English 
measures.  The  following  example  will  serve  to  illustrate 
every  part  of  this  formula. 

At  the  lower  of  two  stations,  the  mercury  in  the  barometer 
was  observed  to  be  39,4  inches,  and  its  temperature  50o,  that 
of  the  air  being  45« ;  and  at  the  upper  station,  the  height  of 
the  barometer  was  25,19,  its  temperature  46o,and  that  of  the 
air  39**,  the  latitude  of  the  place  being  30o. 

In  this  case,  we  have 


r—T^=50«— 46^=40 ;  3!iL 


and        cos*  2  L  =  cos.  2 
Whence 

w  =  29,4  log. 

a/  =  25,2003     log. 

11« 
0,00223      . 

1st  correction 

1 0,002837 
2d  correction 

E  =  3481280 


30o  =  COS.  60o  =  i. 

.  1,46835 
.  1,40141 

669,4  log.  .  3,82569 

.  log.  .  1,04139 

f  log.  •  3.34830 

16,42  log.  .  2,21538 


685,82    log. 
.      log. 


2,83621 
3,15168 


0,97    log.  .  1,98789 


686,79    log.  .  2,83682 
log.  ,  6,54174 


-  =  0,0002 


log.  .  4,29508 

(l  +  ^)  (l  +  ^)  =  1,0004         .       2  log.  .  4.00034 

3d  correction  ,5— ^  fathoms, 

A  090,9 
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Laplace's  formula,  applied  to  the  same  example,  gives 
688,97  fathoms,  differing  from  the  above  only  1,22;  whereas 
by  Sir  George  Shuckburgh's  method,  in  which  no  account  is 
taken  of  the  variation  of  gravity,  either  for  difference  of  lati- 
tude or  difference  of  elevation  in  the  same  latitude,  the  result 
is  685,125.  This  corresponds  with  the  approximate  height 
derived  from  the  first  correction  in  the  above  example. 

We  have  already  mentioned,  that  unless  very  particular 
precautions  are  taken,  mercury  is  depressed  in  glass  tubes, 
and  that  this  depression  is  inversely  proportional  to  the  diam- 
eter of  the  tube.  It  is  always  indicated,  moreover,  when  it 
takes  place  by  the  upper  surface  being  convex,  Jt  is  not 
necessary  to  have  regard  to  this  circumstance  in  the  calcula- 
tion of  heights  by  the  barometer,  where  the  two  observations 
are  taken  with  the  same  instrument,  since  the  difference  in 
the  length  of  the  barometric  columns  would  be  the  same, 
whether  they  were  corrected  or  not.*  But  in  order  that 
observations  by  diff3rent  instruments,  liable  to  different  capil- 
lary effects,  may  be  strictly  compared  with  each  other,  a 
correction  should  be  applied,  which  may  be  readily  done  by 
means  of  the  following  table. 


Interior  diameter  of  the 

Dcprenion 

tube  in  EoglUb  inches. 

of  the  Meicury. 

0,6 

0,005 

0,6 

0.007 

0,4 

0.015 

0,35 

0,025 

3 

0,036 

0,25 

0,050 

0,2 

0,067 

0,15 

0,092 

0,1 

0,140 

*  Also  in  a  syphon  barometer,  of  one  in  which  the  tube,  in- 
stead  of  eotering  a  basin,  turns  up  at  the  bottom  and  continues 
of  the  same  bore,  as  in  figures  230,  232,  since  the  capillary 
effect  is  the  same  in  both  branches,  the  observed  altitude  reck- 
oned from  the  surface  in  the  shorter  branch,  would  not  be  affect- 
ed by  the  correction. 
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Abt,  USY .''Account  of  a  new  Ore  of  Lead  containing  Se/e- 
nium»  By  Professors  Stromeyer  &  Hausmann.  From  the 
"  Learned  Intelligencer,^'*  a  periodical  work  published  at  Got- 
iingen.*  JVo.  34,  Feb.  26,  1825.  Translated  for  this  Jour- 
nal, by  Mr  Frederick  H.  Hedge. 

•  Messieurs  Stromeyer  &  Hausmann  have  presented  the 
Ro^yal  Society  of  Sciences  with  tbe  account  of  a  mioeralogi- 
cal  and  chemical  examination  of  an  ore,  which  was  sent  to 
the  latter  by  Mr  Banersacks  of  Zf  llerfield,  an  officer  of  the 
mine,  who  has  done  much  for  the  knowledge  of  the  mineral 
products  of  the  Harz  mountains,  with  the  observation  that  it 
contained  aa  alloy  of  Selenium,  which  it  exhibited  on  expo- 
sure to  fire. 

Not  only  has  this  discovery  been  confirmed  by  further  re- 
searches, but  it  appears  from  the  following  complete  analysis 
of  the  or^  made  by  Mr  Stromeyer,  that,  according  to  its  chief 
elements,  it  is  a  selenieuret  of  lead,  a  substance  hitherto  un- 
known in  the  mineral  kingdom. 

This  ore  was  found  several  years  ago  in  a  mine  near 
Clttusthal,  combined  with  brownspar,  and  was  then  observed 
by  Mr  Banersacks.  As  it  imparted  to  glass  a  smalt-blue 
colour,  it  was  supposed  by  him  to  contain  cobalt,  and  called 
cobaltic  lead  ore,  {Kobalt  bleyery.)  As  such,  it  was  described 
in  the  ^'  North  Oerman  Contributions  to  the  Knowledge  of  Mines 
and  Foundries^"*  iii,  120,  by  Professor  Hausmann  ;  and  after- 
wards treated  of  in  his  manual  of  mineraIog;y.  i.  1 83. 

Externally  the  selenieuret  of  lead  most  resembles  granular 
galena,  but  its  colour  is  dififerent,  for  the  light  fresh  lead  grey 
of  that  mineral  approaches  more  to  blue  than  the  hue  of 
molybdaena.  Although  this  substance  possesses  an  evident 
tendency  to  crystallization,  it  has,  as  yet,  been  impossible  to 
determine  the  nature  of  the  crystals.  The  small  crystalline 
portions  measuring  at  the  utmost  ^  of  a  line,  sometimes  ag- 
greg«)ted  so  as  to  resemble  a  lock  of  wool,  and  sometimes 
disseminated,  seem  to  present  here  and  there  square  and  often 
triangular  faces ;  but  whether  the  regular  form  of  the  crys- 
tals is  the  same  as  in  galena  cannot  readily  be  ascertained. 
The  like  may  be  said  of  its  foliated  structure,  for  it  appears 
to  be  foliated  in  various  directions.    The  ore  has  a  vitreous 


*  A  copy  of  (^  memoir  was  kindly  transmitted  to  ns  by  Professor  Hans- 
mann. 
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and  finely  granulated  fracture ;  the  fractured  surfaces  being 
of  metallic  lustre,  but  not  very  splendent,  and  often  appearing 
granulated  under  the  lens.  It  is  somewhat  softer  than  galena. 
It  imparts  its  colour,  and  acquires,  by  friction  or  cutting,  a 
metallic  lustre.  Its  specific  gravity  is,  according  to  Mr 
Stromeyer,  at  10,5 •  C.  and  0,740*  barom.  =  7,697.  When 
insulated  and  rubbed  it  becomes,  according  to  the  experi- 
ments of  Professor  Hausmann,  like  galena,  negatively  electric. 
It  is  very  easily  decomposed  before  the  blow-pipe,  emitting 
a  strong  odour  like  that  of  decayed  turnips,  and  speedily, 
forming  a  brownish  red  slag,  which  is  soon  aissipated.  After- 
wards a  yellow  slag  of  oxide  of  lead  is  formed  round  the 
edges  of  the  lead,  which  is  at  the  same  time  reduced.  While 
the  flame  is  playing  on  the  mineral,  it  exhibits  a  brilliant  blue 
colour.     It  imparts  to  glass  of  borax  a  pale  smalt  colour. 

When  heated  in  a  glass  tube  over  a  spirit  lamp,  selenium 
id  almost  immediately  sublimed,  which  fills  the  tube  with  its 
peculiar  disagreeable  odour,*  and  covers  the  sides  of  it  with 
a  light  brownish  red  sublimate.  If  the  heating  be  continued 
till  the  tube  is  red  hot,  the  ore  becomes  fluid,  but  without 
any  other  sensible  change.  During  the  strong  glowing  of 
the  tube  the  brownish  red  sublimate  first  deposited  gradually 
disappears,  and  its  place  is  supplied  by  a  white  sublimate  in 
acicular  crystals,  which  increases  with  the  continued  heat- 
ins^.  But  as  soon  as  the  tube  grows  cold,  there  is  an  appear- 
ance of  the  former  brownish  red  sublimate  below  the  white. 
I'his  white  sublimate,  after  some  time,  attracts  moisture  and 
begins  to  dissolve ;  it  gives  Utmus-paper  a  strong  red  colour- 
ing, becomes  yellow  by  the  application  of  hydro-sulphurous 
and  red  by  that  of  sulphurous  acid,  and  plainly  appears, 
therefore,  to  be  selenic  acid.  After  this,  as  often  as  the  ore 
is  heated  anew,  a  new  disengagement  of  selenium  and  a 
conversion  of  the  same  to  selenic  acid  again  takes  place. 

Nitric  acid,  of  the  strength  of  common  aquafortis,  acts  upon 
this  lead  ore  in  a  cold  state,  and  gives  it  aftec  the  action  has 
continued  some  time  a  dark  vermillion  colour,  as  the  selenium 
contained  in  it,  while  the  lead  gradually  dissolves,  becomes 
disengaged,  and  envelops  that  portion  of  the  mineral  which 
is  not  yet  decomposed.  With  the  aid  of  heat,  nitric  acid 
sooti  dissolves  the  ore  completely,  during  which  process  the 

*     *      ■  " ' 

*  The  odour  of  selenium  is  veiy  pecuHar,  stronKly  resembling  that  of 
bone-radish.  A  fregmeot  not  exceeding  one  fiftietb  of  a  gralD  U  said  to 
be  safficient  to  fill  the  air  of  a  large  apartment.    W 
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selenium  at  first  appears  in  the  shape  of  red  flakes  ;  but  these 
soon  lose  their  red  colour  and  by  degrees  disappear. 
When  large  masses  of  the  ore  are  dissolved  at  once,  the  sep- 
arate flakes  of  selenium  sometimes  unite  in  one  mass,  which 
appears  in  the  shape  of  a  brown  foam  on  the  surface  of  the 
fluid,  and  sometimes  covers  it  for  a  short  time,  like  a  film  of 
oil.  The  solution  of  this  lead  ore  in  nitric  acid  has  a  pale 
red  colour,  which,  from  several  experiments,  appears  to  arise 
from  the  presence  of  a  small  portion  of  cobalt,  which  was 
also  detected  by  the  plow-pipe.  But  besides  cobalt,  no 
metal  except  lead  appears  in  the  solution  of  this  ore  in  its 
pure  state*  On  testing  it  with  nitrate  of  barytes  it  was  found 
also  to  contain  no  sulphur.  On  the  other  hand,  the  applica- 
tion of  sulphurous  acid,  sulphites,  sulphuretted  hydrogen, 
phosphoric  acid,  and  protochloride  of  tin,  discovered  most 
manifestly  a  quantity  of  selenium  in  this  ore,  and  confirmed 
an  opinion  which  was  already  rendered  highly  probable,  by 
the  properties  mentioned,  namely,  that  tnc  substance  is  a 
natural  combination  of  lead  and  selenium.  As  the  existence 
of  cobalt  in  this  ore. gave  rise  to  the  conjecture,  that  it  might 
be  combined  with  it  m  the  form  of  arsenical  cobalt,  the  min- 
eral was  particularly  examined  with  a  view  to  ascertain 
■whether  it  contained  ai^senic  ;  but  neither  by  the  blow  pipe, 
nor  by  applying  sulphuretted  hydrogen  gas  to  the  solution 
after  the  lead  and  selenium  had  been  separated  from  it  could 
the  slightest  appearance  of  arsenic  be  detected. 

In  order  to  separate  entirely  the  brownspar  and  quartz 
which  were  united  with  the  ore,  for  the  purpose  of  ascertain- 
ing the  relative  quantities  of  its  constituent  parts,  it  was  first 
covered  with  nitric  acid  very  much  diluted,  and  kept  in  con- 
tact with  it  in  a  cold  state  till  all  the  brownspar  had  been 
taken  up,  which  was  easily  discovered  by  the  cessation  of 
the  violent  efiervescence  that  took  place  during  the  solution. 
Then  the  ore,  after  it  had  been  completely  separated  from  the 
first  solution  by  repeated  washings,  was  dissolved  in  nitric 
acid  of  moderate  strength  with  the  aid  of  heat.  After  sepa- 
ration of  the  still  remaining  quartz,  the  lead  was  next  precip- 
itated from  this  solution  by  means  of  sulphuric  acid,  and  that 
no  seleniate  of  lead  might  be  precipitated  with  it,  the  opera- 
tion was  not  only  performed  in  a  warm  state,  but  the  precipi- 
tate was  kept  boiling  some  time  with  the  fluid  before  it  was 
collected  in  a  filter.  After  removing  the  lead,  the  selenium 
was  obtained  by  sulphate  of  ammonia  and  sulphurous  acid. 
And  when  this  too  had  been  precipitated,  and  completely 
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separated  by  filtering,  the  cobalt  was  lastly  obtained  from 
the  remaining  fluid  by  hydrosulphuret  of  ammonia. 

The  lead,  which  had  been  taken  up  in  the  first  nitric 
solution,  was  separated  from  it,  and  precipitated  by  means 
of  sulphuric  acid ;  and  lastly,  in  order  to  determine  the 
quantity  of  brownspar  which  was  originally  mingled  with  the 
ore,  the  quantity  of  lime,  of  magnesia,  and  of  the  oxides  of  man- 
ganese and  of  iron  were  separated  and  ascertained  by  the 
usual  methods. 

By  this  means,  l.S^ierctmmes  of  the  ore,  with  which  0.019 
grammes  of  quartz,  apd  0.161  grammes  of  brownspar  were 
mixed, and  which,  consequently, contained  only  l.^O grammes 
of  pure  ore,  wcr--  found  to  consist  of 

UO^  grammes  sulphate  of  lead, 

0. 159  grammes  selenium,  ^^ 

0.038  grammes  sulphuret  of  cobalt.  ^|f 

In  another  experiment,  1.364  grammes^  coqtaining  0.0125  Kk| 
grammes  quartz,  and  0.0795  brownspar,  gave  '"** 

1.3275  grammes  sulphate  of  lead, 

0.354    grammes  selenium, 

Of 0 1 9    grammes  sulphuret  of  cobalt* 

In  a  repetition  of  this  analysis,  1.405  gramme*  of  the  lead  ore 
(the  mixture  of  quartz  and  braunspath  was  not  ascertained 
in  this  experiment,  and  the  selenium  was  precipitated  by 
sulphurttttd-Jiydrogen )  gave 

1.313  grammes  sulphate  of  lead, 
0.653  gramme*  sulphuret  of  selenium, 
*   6.0 1 8  gramiYies  sulphuret  of  cobalt. 

Now  if  we  consider  one  hundred  parts  of  sulphate  of  lead 
to  contain  68.285  of  lead,  as  many  of  the  sulphuret  of  cobalt 
to  contain  48  of  cobalt,  and  the  like  number  of  the  sulphuret 
of  selenium  to  contain  55.3  of  selenium,  and  suppose  the  resi- 
due of  the  mineral  used  in  the  last  experiment  to  have  con- 
sisted of  quartz  and  brownspar,  then  according  to  these 
analyses,  one  hundred  parts  of  this  lead  ore  contain 

By  the  lit  analysii.  8d.  9d. 

Lead          70,854  71.265  70.813 

Cobalt          1.097  0.708  0.672 

Selenium   27.988  27.830  28.^15 


99.939  99.S03  10«000 

or,  according  to  a  mean  taken  from  these  three  analyses,  the 


% 


• 
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proportions  of  the  elements  in  an  hundred  parts  of  the  ore, 
ivili  be  as  follows : 

Lead    .     •  .     70.98 

Cobalt.     .  .       0.83 

Selenium   •  •     28.11 


99.92 


The  component  parts  of  this  ore  then  are  constantly  united 
in  equal  proportions,  so  that  the  quantity  of  selenium  con- 
tained in  it  corresponds  not  only  to  the  quantity  of  lead,  but 
also  to  that  c(  cobalt,  and  this  last  metal  also  is,  of  course, 
contabed  in  this  mineral  in  the  form  of  a  seleniuret.  It  is 
also  to  be  observed,  that  the  selenium  in  this  ore  bears  the 
same  proportion  to  the  lead,  as  sulphur  does  to  the  same 
metal  in  galena.  Thus  this  natural  seleniuret  of  lead  is  so 
composed,  that  when  both  its  constituents  are  oxygenated  and 
converted  into  oxide  of  lead  and  selenic  acid,  they  produce 
a  neutral  seleniate  of  lead ;  and  as  sulphate  of  lead  is  some- 
times produced  by  the  decomposition  of  galena,  so  may  sele- 
niate of  lead  be  formed  iniike  manner  from  the  seleniuret  of 
that  metal.  Attention  ought  to  be  paid,  therefore,  to  the  oc- 
currence of  such  a  combination  in  places  where  seleniuret  of 
lead  is  found. 


entnttfil  XntrlUjirticr. 

J>fem  Proofs  of  the  Existence  of  the  C/nJcom.— Accounts  tend- 
ing to  prove  the  existence  of  the  Unicom  have  from,  time  to 
time  appeared*  A  letter  from  a  traveller  of  the  name  of 
Ruppel,  dated  Ambukol  the  3d  of  May,  1834,  to  Baron  de 
Zach,  contains  a  notke  of  an  animal  in  Central  Africa,  of  the 
size  of  a  cow,  but  with  the  symmetry  of  the  antelope,  the 
male  of  which  is  furnished  with 'a  long  and  straight  horn.  It 
is  called,  in  the  language  of  the  country,  Nilukma.  More 
recendy  the  Asiatic  Journal  contains  an  account  of  the 
Unicorn  of  Asia.  Mr  Hodgson,  an  officer  residing  at  Kat- 
mandon,  presented  to  the  Asiatic  Society  of  Calcutta,  among 
other  objects  of  curiosity,  a  large  spiral  horn,  said  to  have 
belonged  to  the  Unicorn*  Accompanying  the  horn  was  a 
drawing  of  the  animal,  by  a  peasant  of  the  country,  said  to  be 

V0L«  11.  NO.  6.  76 
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a  very  accurate  representation  of  the  animal.  The  horn  rises 
from  the  middle  of  the  frontal  bone.  The  aiiimai  is  greea- 
rious,  hetbivorous,  and  its  flesh'  is  palatable;  it  is  called 
Chiro;  its  colour  is  a  pure  bay^  and  it  inhabits  a  woody 
country  known  by  the  name  of  Changdung,  and  not  far  to 
the  N.  W.  of  Digurche.  The  natives  find  the  horns  which 
the  animal  has  sned,  or  which  belonged  to  individuals  that 
have  perished.  They  believe  that  the  Chire  is  too  strong  io 
be  taken  alive,  or  to  be  killed  with  their  feeble  instrumemtt 
of  warfare.  The  Hindoos  consecrate  the  horns  to  their  divin«' 
ities ;  that  which  Mr  Hodgson  obtained  was  destined  for  the 
temple  of  Sumb'hou-Nat'h.  i 

We  have  abridged  the  foregoing  from  Bardn  F&nisac's 
Bulletin  for  April,  where  the  writer  of  the  notice  (whom  from 
the  signature,  F,  we  presume  to  be  the  editor)  goes  Mt  to 
remark  that  little  doubt  remains  of  the  existence  of  the  Uni- 
com in  Central  Asia,  and  the  belief  is  supported  by  the  evi- 
dence contained  in  Baron  Zach's  Cbrrespbndance  Astro^ 
nomique,  vol.  xu  No.  3,  p.  ^69.  It  has  been  dt]|ected  t0 
the  existence  of  this  animal,  that  %e  cannot  conceive  erf  the 
formation  of  a  horn  upon  the  frontal  suture;  but  this  honi 
may  b&  like  that  of  the  rhinoceros,--^t  all  events  we  should 
imagine  that  if  the  horn  presented  to  the  Society  of  Cakuct^ 
belonged  to  the  straight  horned  antelope  of  Asia,  it  would 
have  been  recognised  by  the  members  of  that  learned  body; 

Fusian  of  Chartoal^  ^e. — Professor  Yanuxem  has  pobUsn- 
ed  in  the  Journal  of  the  Academy  of  Natural  Science  of 
Philadelphia,  a  new  series  of  experiments  on  anthracite, 
plumbago,  &c.  ^  These  experiments  were  undertaken  with 
a  view  to  determine  whether  the  globules  obtained  by  Profes- 
sor Silliman  from  the  above  substances  were  owhig  to  a 
fusion  of  their  carbon,  or  merely  to  the  impurities  or  foreien 
matter  contained  within  them."  The  substances  were  m^ 
mittied  to  th\8  ^ctidn  of  the  componnd  blow-pipe  upon  plating 
foil,  spread  upon  a  lump  of  magnesia.  From  all  the  phe- 
nomena Professor  Vanuxem  concludes^  ^  that  the  globules 
produced  from  the  combustible  substances  operatM  upoD^ 
did  not  arise  from  the  fusion  of  their  carbon,  since  they  can 
otherwise  be  accounted  for,''  and  the  more  impure  the  sob» 
^ance  was,  (he  morle  numerous  and  the  larger  were  the 
globules  produced.  Professor  Yamixem  offers  an  apology 
for  his  silence  in  the  account  of  his  former  esperiments,  in 
regard  to  the  researches  of  Professor  Silliman,  which,  he  re- 
marks, were  not  owing  to  ignorance  of  bis  labours,  or  a 
want  of  regard  to  him  personally,  or  as  a  chemist. 
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^ap  American  Minerah^-r-Dr  Samuel  Fowkr  has  giveii| 
in  the  last  number  of  the  American  Journal,  a  very  intere$t- 
ipg  account  of  several  minerals  which  he  found  in  Warwick 
townslupi  Orange  county,  N.  Y*  Some  of  these  substax^ces 
occur  in  crystals  of  enormous  size,  far  surpassing  any  thing 
pf  the  kind  heretofore  known  to  mineralogists*  Dr  Fowler 
despribes  crystals  of  Spinel  [pleonaste]  measuring  from  twelve 
to  BixjLei&n  inphas  in  circumference.  ^^  These  crystals  are 
black  9tnd  brilliant,  sometimes  aggregated,  at  other  times 
j^olitary.^^  They  are  found  associated  with  ^^  crystals  of  ser- 
pentine." 

jCryatals  of  scapoliie  occur  at  the  same  place,  '^  each  of  the 
auE  faces  of  the  prisms  measuring  four  inches,  or  a  circum- 
lerence  of  twentWour  inches,  or  even  more.'^  Crystals  of 
ajigite  of  huge  suie  are  also  met  with. 

Albany  ImHtuU^-^We  have  lately  received  the  first  annual 
report  of  this  flourishing  institution,  of  which  the  Hon.  Ste- 
phen Yan  Rensselaer  is  president.  The  object  of  this  society 
IS  the  promotion  of  science  and  learning.  The  regular  meet- 
ings are  held  every  fortnight  during  the  four  first  months  of 
tbe  year.  The  report  of  the  committee  exhibits  the  state  of 
the  museum,  library,  &c.  and  furnishes  ample  and  highly 
honourably  evidence  of  the  interest  and  zeal  which  the  men^- 
bers  have  felt  for  promoting  the  objects  of  the  institution. 
There  are  few  societies  in  our  countrv,  we  imagine,  which 
have  done  so  much  in  so  short  a  period  of  tio^e  as  this.  The 
number  of  members  is  less  than  60 ;  twenty-eight  papers  have 
been  ^ead  before  the  Institute ;  a  collection  of  1 824  speci- 
mens in  natural  history,  exclusive  of  a  botanical  collation, 
and  a  library  of  350  books,  have  been  formed. 

E!^lo8i9H  of  an  Alloy  of  Poiassimn  in  lie  LahoraU^  at  Caay' 
bridge* — Having  been  lately  engaged  in  repeating  spo^e  of 
the  experiments  of  M.  SeruUas  on  the  alloys  of  potassium^  14 
the  laboratory  of  Harvard  College,  and  having  obtained  some 
of  them  as  described  at  p^e  61  of  this  volume,  which  afford- 
ed all  the  phenomena  noticed  by  M.  SeruUas;  I  was  desirr 
ous  of  examining  the  new  cpmpound  soon  after  removal 
from  the  furnace.  Six  hundred  .grains  of  tartar  emetic,  and 
18  of  lampblack  were  employed.  The  cimcibles  well 
luted  together  were  exposed  to  a  strong  red  heat  in  a  common 
universal  furnace  during  four  hours.  At  the  expiration  of 
that  time  they  were  removed,  and  allowed  to  cool  one  hour* 
I  then  separated  the  crucibles ;  the  stratum  of  lampblack  with 
which  the  alloy  ivas  covered  to  the:  depth  of^  about  an  inch 
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was  perfectly  black,  cool,  and  apparently  nrialtered,-^ft  M 
not  take  fire  on  exposure  to  the  air.  Having  poured  out  the 
lampblack,  the  alloy  of  antimony  and  potassium  with  char^ 
coal  was  seen  adhering  to  the  bottom  and  sidcfs  of  the  ttuci* 
ble.  On  inverting  the  crucible  it  did  not  fall  out,  and  a  smal! 
pair  of  forceps  were  introduced  to  detach  it.  Immediately  on 
piercing  the  thin  crust  which  had  formed  upon  the  upper 
part  of  the  tnass,  it  exploded,  with  the  evolution  of  much  light, 
and  the  whole  was  projected  from  the  crucible.  Prom  the 
position  in  which  my  hand  was,  the  greater  part  of  the  in- 
flamed mass  was  arrested  by  it,  but  much  of  it  was  thrown 
upon  the  forehead  and  eyes.  The  instantaneous  and  invol-  • 
untary  closing  of  the  eyelids  prevented  the  burning  particles 
entering  the  eyes ;  a  few  however  were  forced  beneath  theKd 
of  the  right  eye,  which  produced  much  pain  and  irritatkm. 
The  hair  and  eyebrows  were  scorched,  and  the  fingers  of  the 
right  hand,  which  held  the  forceps,  were  much  burned.  Had 
the  hand  not  been  in  the  position  in  which  it  was,  one  or 
both  eyes  would  undoubtedly  have  been  very  seriously 
injured. 

Great  caution,  therefore,  should  be  used  in  preparing  these 
alk>ys,  and  the  crucibles  should  not  be  opened  till  time  has 
been  allowed  for  a  crust  to  form  upon  the  mass.  I  have  re- 
moved it,  after  cooling  six  hours,  with  impunity.  Care  should  • 
be  taken  that  any  instrument  used  to  detach  the  mass  is  per-  - 
fectly  free  from  moisture,  and  also  the  bottle  in  which  the 
alloy  is  to  be  put. — J.  W.  W. 

•^croKic— An  aerolite  fell  at  Nanjemoy,  Maryland,  on  the 
10th  of  February,  1826,  of  which  an  account  has  been  pub- 
lished by  Dr  Samuel  D.  Carver,  in  the  last  number  of  the 
America!  Journal.  The  occurrence  took  place  about  noon ; 
the  explosion  was  succeeded  by  a  whizzing  sound  like  that 
of  air  rushing  through  a  small  aperture.  The  course  of  the 
aerolite  was  from  N.  W.  to  S.  E.,  nearly  parallel  with  the 
river  Potomac.  The  stone  which  has  been  found  weighs 
sixteen  pounds. 

Fossil  Remains. — Notwithstanding  the  confused  and  unsci- 
entific manner  in  which  this  account  is  drawn  up,  we  think 
there  is  reason  to  believe  that  some  interesting  fossil  remains 
have  been  found,  and  not  wishing  to  assume  any  responsi- 
bility for  the  correctness  of  the  notice,  we  give  it  as  origin- 
ally published.  It  is  to  be  hoped  that  a  more  satisfactory 
description  of  these  remains  will  soon  be  received. 

Our  enterprising  felk>w-citizen,  Mr  Samuel  Schofield,  has 
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di^iQiterred  from  the  low  prairie  grounds  between  Placque- 
mine  and  the  Lakes,  a  number  of  remains  of  the  most 
gigantic  size.  Thej  evidently  belong  to  some  class  of  ani- 
mals now  no  longer  in  existence ;  whether  ante-diluvian  or 
not,  we  are  unable  to  say*  The  great  Ekfhat  masiodon^  or 
American  Mammoth,  described  by  Dr  Mitchell,  is  inferior  in 
size  to  these  bones  we  have  seen.  From  the  circumstance 
of  ambergris  being  collected  in  some  quantity  from  the  infe- 
rior surface  of.  the  maxiHary  bone,  we  are  led  to  the  conclu- 
sion that  they  are  of  marine  origin,  but  of  what  description 
w<r  are  enable  U>  conjecture.  Up<m  examining  these  remains^ 
we  are  easily  led  to  give  credit  to  the  extraordinary  relations 
given  by  Father  Kircber,  of  the  Kraken  and  Norway  sea 
snake*  This  non-descript,  when  alive,  must  have  equalled 
either  of  them  in  bulk. 

We  will  attempt  a  faint  description  of  those  which  .have 
already  been  brought  up  to  this  city,  and  are  now  on  board 
the  steam-boat,  Expedition*  They  consist,  first,  of  an  enor- 
01OUS  fragment  oS  a  cranimm*  It  is  about  twenty*two  feet  in 
length,  and  its  broadest  part  four  feet  high,  and  perhaps  nine 
incses  thick.  It  is  said  to  weieh  about  twelve  hundred 
pomvis*  On  the  interior  surface  the  vitrtcfus  table  appears  to 
be  separated  from  the  cameUi  for  some  way  down ;  this  table 
is  perfectly  firm,  and  in  a  perfect  state  of  preservation  ;  the 
digital  depressions  formed  oy  the  convolutions  of  the  cerebel- 
lum  are  very  perfect. 

The  foramina  for  the  passage  of  the  sensorial  nerves  are 
very  discernible,  A  very  large  portion  of  the  inner  table  of 
the  inside  of  the  cranium  is  joined  by  a  very  singular  squa- 
nums  suture.  The  inner  surface  appears  in  many  places  per- 
manently discoloured  by  the  bea  of  earth  from  whence  it 
was  taken.  In  the  interior  part  of  the  cranium  the  dwloi 
|3re8ents  a  very  singular  appearance,  the  cavities  of  which 
are  very  large,  in  some  cases  presenting  holes  of  near  an 
inch  in  diameter,  and  generally  very  regular.  Upon  what 
we  judge  to  be  the  temporal  portion,  a  most  singular  process 
or  elongation  presents  itself:  it  is  eight  feet  in  length,  and  of 
a  triangular  form,  and  about  six  inches  through  tapering 
graduafly  to  the  point.  This  singular  appearance  sets  all  our 
conjectures  at  defiance ;  it  is  of  a  spongf  construction,  with 
a  rough  and  irregular  surface.  There  appears  to  be  no  seat 
for  the  insertion  of  muscles;  or  foramma  for  the  passage  of 
^be  nerve  s  or  blood  vessels. 

This  bone  must  have  been  covered  for  its  whole  length 
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with  ft  membrase.  The  cmceiU  are  reisarkabl/  re(pil«ff, 
There  is  a  singular  consolidatioo  of  the  natal  and  maxUhqi 
))ooeft*  Thev  are  not  upited  by  any  of  the  descripdm  of 
mtures  found  in  quadrupedsi  but  form  od^  entire  mass  «f 
uniform  consistence  all  through.  A  large  grove  or  canal 
(w^e^ents  iuelf  in  the  superipr  portion  of  thib  bone,  upon  thf 
side  of  which  considerable  ^Mantities  pf  awhtrgm  may  hf 
pollecXfidf  which  appears  to  have  suffered  little  or  no  detain* 
position  or  change  by  age.  It  burns  with  a^b^utiful  bright 
name,  and  emits  an  odoriferout  smell  while  burning ;,  it  ij^  of 
a  g^^J  consistence,  similar  to  aJfyocire. 

The  toramen  for  ibe  transmission  of  th«  facial  nerve  is  of 
an  immense  size. 

In  the  inferior  portion  of  this  stupendous  bqne  there  ap* 
pears  to  be  an  articulating  depression,  in  which  the  superior 
angle  of  the  lower  jaw  might  have  been  articulated.. 

The  other  bones  are;  one  of  a  cylindrical  shape,  with  ^ 
round  head  similar  to  the  os  humeris  in  quadrupeds.  It  h 
two  feet  in  length,  and  about  ten  inches  in  diameter,  with  about 
two  processes  near  the  head,  in  some  respects  similar  to  the 
trochanters  of  the  femoris.  The  cartilaginous  extremities  ap- 
pear to  have  been  entirely  detached.  Upon  one  end  a  sur- 
face for  the  articulation  of  two  bones  appears,  one  of  which 
is  in  the  collection.  This  bone  is  over  one  foot  in  length, 
and  of  a  flattened  cylindrical  shape ;  the  cartilaginous  ex* 
tremities  are  also  gone.  It  is  of  a  firmer  consistence  thaa 
any  of  the  other  bones,  with  a  singular  irradiation  of  ossific 
appearance  on  the  outside  surface.  These  two  hones  are 
probably  the  leg  of  the  animal. 

There  are  also  lumbar,  dorsalf  and  cervical  9eritbr€t.  The 
cylindrical  portions  of  those  of  the  first  class  are  fourteeii 
inches  in  diameter,  with  transverse  processes,  in  every  res* 
pect  like  those'  of  quadrupeds.  One  of  them  has  the  intr^^ 
vertebral  substance  completely  d^ached ;  it  is  abpu^  twelve 
inches  in  diameter,  and  perhaps  two  inches  thick  in  the  cen* 
tre,  tapering  gradually  to  the  extremities ;  this  specimen  i^ 
in  a  perfect  state  of  preservation.  In  the  articulation  of  these 
hones  there  is  consiaerable  analogy  to  the  human  vertebra. 

To  judge  from  the  appearan/ce  of  this  portjkm  of  the 
cranium  which  we  have  seen,  if  this  monster  was  of  the 
Baleruz  species,  his  length  could  not  be  less  than  two  hun- 
dred and  fifty  feet.  It  is  stated,  that  from  this  place,  whence 
these  remains  were  disinterred,  a  large  carnivorous  tooth  wa^ 
found,  and  has  been  carried^ away.    It  is  also  related,  that 
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in  the  year  1799,  manj  remains  of  ante-diluvian  creation 
wei^e  tdken  Up  neerr  this  same  {>!ace,  and  shipped  td  Europe. 
{jMltmema  G-aztiie*) 

/fMte  ^f  etdefai  neUf  Loealkite  of  American  MineraUj  by 
Mr  GharleM  U.  Shepatd.*--^!  hate  recently  made  a  mineral^ 
togieal  excursion  through  a  pbft  of  the  counties  of  Hampshire, 
Berkshire)  and  Frankltnt  In  the  conl^e  of  my  tour,  severd 
things  hare  fallen  und^r  my  notice,  which  perhaps  may  nd 
b^  deemed  unmtei'esting.  While  at  the  celebrated  Tourma>- 
line  locality  in  Goshen,  I  observed  a  rock  which  contained 
¥e^  foeautiftil  spodumefie.  It  occurred  in  large  laminated 
masses^  and  was  associated  with  green  and  blue  tourmalines, 
beryl,  carbonate  of  inanganese,  cleavelandite,  and  rose  colour- 
ed mica*  Its  colours  were  unusually  fine,  being  greyish  white, 
]pa1e  green,  and  rarely  rose  red»  Its  lustre  was  remarkably 
shining,  and  it  possessed  an  uncommon  degree  of  translu^ 
cency.  It  was  frequently  penetrated  by  crystals  of  tourma- 
Ike)  and  almost  uniformly  invested  with  a  very  thin  coating  of 
carbonate  of  manganese,  which,  tn  the  interior  of  the  rock,  was 
in  a  pulverulent  state,  and  of  a  delicate  rose  red  colour,  but 
near  the  surface  where  it  was  exposed  to  the  action  of  the 
l&tmosphere,  it  was  brownish  black.  The  beryl,  which  accoor- 
panied  the  spoduraene  was  not  in  crystals,  but  in  laminated 
masses  of  a  moderate  size.  It  was  of  a  greenish  white  colour, 
(and  transparent.  Itiis  beryl  bears  some  resemblance  to  to^ 
paz,  but  its  specific  gravity,  which  is  2.7,  sufficiently  identifies 
it  with  the  beryl.  Spodumene  is  a  very  abundant  mmeral  in 
Ck>sbeo.  I  observed  it  in  several  other  places  in  that  town^ 
but  in  no  place  can  so  fine  ^ecimens  be  procured  as  at  the 
Tburmaliii^  locality. 

In  the  north  part  of  the  town  of  Norwich  is  an  extraordi«- 
Bary  locality  of  beryls.  They  occur  in  grmite,  and  are 
remarkable  for  the  regulM*ity  of  their  crystals,  as  wdU  as  fiw 
ifaeir  fine  gre«a  cdour  and  transparency.  l%ey  are  veiy 
varioas  in  their  dimensions.  I  obtained  crystals  fW>m  one 
jquarter  of  an  inch,  to  upwards  of  four  inebea  in  diameter* 
Thdy  assume  the  usual  form  of  this  B»in«ral,--^  hexahedral 
|>rism,  terminated  by  single  planes.  There  was  a  faoaom 
crystal  f«imd  in  the  soil,  in  the  immediate  viefnity  of  this  qpoc, 

%  few  yMrs  since,  which  is  now  in  my  possessioii^f    It  has, 

II     ■■■■■,  „^  ■ .  ^».  ^1  ...      ■ .  ,11 .  ■■  ■  ■  -  — .-  I  ■■  ■  ■   ■■   ,i ■  ■ 

*  it^xtracted  from  a  letter  to  one  of  the  Editors. 

ft  was  informed  by  the  person  who  found  it,  that  U  excited  much  curios- 
ity fn  the  neigifabourhood,  and  owing  to  its  ftne  cfeeti  colocrr  aad  ^^Niet 
r^arity,  was  ooatideced  as  a  *"  petrified  Jaak  jiioil&w" 
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however,  sustained  considerable  injury  from  the  insane  curi- 
osity of  those  who  have  examined  it.  One  person,  in  order 
the  better  to  become  acquainted  with  its  properties^  threw  it 
against  a  rock,  which  ruined  one  of  its  lateral  faces,  and  also 
broke  off  a  part  of  its  finest  terminal  face ;  and  another  subject- 
ed it  for  a  considerable  time  to  the  heat  of  a  fire,  which  very 
much  injured  its  colour.  It  however  still  remains  a  noble 
beryl,  and  is  superb  even  in  ruins.  It  measures  four  and  a 
half  inches  in  diameter,  and  six  inches  in  length.  The  faces 
are  remarkably  smooth  and  brilliant,  and  are  entirely  destitute 
of  striae.  Contiguous  to  this  place*,  I  found,  in  large  veins  of 
quartz  in  Ixiica  slate,  red  oxide  of  titanium,  and  small  quan- 
tities of  graphite  of  a  very  superior  quality. 

In  Cbesterfieldf  at  the  well  known  spot  where  occur  tour- 
malines, be.  I  observed  quartz  crystallized  in  the  farm  of  the 
primary  rhomboid.  It  was  imbedded  in  feldspar.  The  crys- 
tals were  pretty  uniformly  a  quarter  oF  an  inch  in  diameter ; 
in  most  instances  their  lateral  solid  angles  were  replaced  by 
single  planes,  and  very  rarely  by  two  planes.  Their  surfaces 
were  not  smooth  or  brilliant* 

From  the  town  of  Blandford,  I  obtained  good  specimens  of 
schiUerspar.  It  occurs  in  serpentine,  and  is  associated  with 
anthopbylite.  Its  structure  is  distinctly  foliated  in  one  direc- 
tion. Its  lamins  possess  a  shining  lustre,  which  is  occasion- 
ally metallic.  Its  colour  is  dark  olive  green,  and  sometimes 
black.  It  is  opaque,  and  of  about  the  same  hardness  as  glass* 
Alone,  before  the  blow-pipe,  it  fuses  with  difficulty,  and  only 
OD  the  edges ;  with  borax,  it  melts  into  a  bottle-green  glass. 

In  the  cabinet  of  Dr  Emmons  of  Chester,  I  was  shown  spe- 
cimens of  a  mineral  considered  as  stilbite,  which  from  the  form 
of  its  crystak,  and  remarkably  pearly '  lustre,  I  at  once  re- 
cognised to  be  heulandiie.  It  occurs  in  right  oblique-angled 
prisms  of  130%  and  also  in  laminar  masses.  These  crystals 
have  two  of  their  opposed  lateral  planes  longer  than  tlie  other 
two,  and  are  not  modified,  except  by  the  occasional  replace- 
ment of  theb  acute  lateral  edges.  They  yield  to  mechanical 
division  in  one  direction  only,  which  is  perpendicular  to  their 
prismatie  axes.  They  are  colourless  and  transparent,  and 
possessed  of  a  very  superior  lustre.  In  siJse  they  usually  fell 
short  of  one  eighth  of  an  inch  in  diameter.  Fragments  of  crys^ 
tals  placed  on  charcoal,  before  the  blow-pipe,  melt  with  into- 
raescence,  and  while  melting  emit  a  phosphoric  light.  Tbta 
mineral  occurs  in  .Chester,  on  mica  slate,  and  is  accompanied 
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by  chabasle  and  stilbite,  I  visited  the  spot  from  ivhence  tho 
•specimens  which  I  saw  were  obtained,  but  did  not  succeed  in 
finding  any  specimens }  the  locality  appeared  to  be  entirely 
exhausted. 

In  the  same  cabinet,  I  saw  small  specimens  of  a  mineral 
from  Middlefield,  which  I  have  ascertained  to  be  arragoniie. 
It  is  of  a  yellow  colour,  transparent,  sufficiently  hard  to  scratch 
fluate  of  lime,  and  dissolves  in  nitric  acid,  with  efferves- 
cence. Its  speci6c  gravity  is  2.39.  The  specimens  which 
I  saw,  appeared  to  be  fragments  of  crystals,  and  so  closely 
did  they  resemble  crystallized  arragonite  from  Bilin,  Bohemia, 
that  it  was  quite  impossible  to  discover  any  difference  between 
them.  I  regretted  that  it  was  not  in  my  power  to  visit  the 
spot  from  whence  these  specimens  were  obtained.  I  was 
informed  by  Dr  Emmons,  by  whom  they  were  discovered, 
that  they  occurred  with  rfaombspar  in  trteatite. 

In  Middleiield,  in  the  neighbourhood  of  the  spot  where  the 
crystallized  steatite  is  found,  Dr  Emmons  and  myself  discov- 
ered very  beautiful  pimelite.  It  occurs  in  serpentine.  It 
possesses  a  very  deep  apple  green  colour,  is  very  pliable,  and 
when  first  broken  from  a  cavity  is  greasy  to  the  touch. 

In  the  town  of  2iOar,  is  a  locality  of  dnthophyllite.  It  exists 
in  serpentine,  and  resembles  that  which  is  found  in  Blandford, 
except  that  the  crystals  or  fibres  are  smaller,  and  are  not 
separated  by  the  intervention  of  talc. 

Near  the  Iron  Works  in  Hawley,  I  obtained  specimens  of 
ZaUitej  which  surpass  in  beauty  any  which  I  ever  beheld.  It 
is  found  in  veins  of  quartz,  traversing  hornblende  rock. 
The  crystals  vary  in  their  dimensions ;  being  from  an  eighth 
to  a  quarter  of  an  inch  in  diameter,  and  from  two  to  four 
inches  in  length.  They  occur  in  oblique  four-sided  prisms, 
which  are  variously  terminated*  They  are  much  compressed 
in  many  instances,  and  afibrd  a  variety  of  angles,  from  116^ 
to  122°.  The  most  of  them  have  their  acute  lateral  edges 
replaced  by  single  planes,  and  sometimes  their,  obtuse  lateral 
edges.  The  larger  crystals  are  longitudinally  striated.  The 
colour  of  this  zoisite  is  yellowish  brown,  and  its  lustre  is  splen* 
dent  to  lan  extraordinary  degree*  Some  of  the  smaller  crys- 
tals are  translucent.  Associated  with  it  in  a  few  instances,  I 
observed  massive  phosphate  of  lime  of  a  yellowish  green 
colour. 

While  at  Pittsfield,  I  had  an  opportunity  of  seeing  a  speci- 
men of  the  mineral  from  Salisbury,  (Con.)  which  has  been 
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CODiidered  by  some  mineralogistd  as  idocrase.     It  is  crystal- 
lized  in  dodecahedrons,  which  frequently  have  their  edges 
replaced  by  tangent  planes,  and  will,  I  think,  without  doubt, 
upon  examination  prove  to  be  garnet. 
Amhents  {Man.)  May  18,  1825. 


Additions  to  Ae  Cabinet  of  Minerals  €U  Ckunbridge. 

Loealitjf.  Fnaented  hy 

Flinty  Slate    ..'...    Greece 

Common  Flint Milo 

Antique  Green  Porphyiy      .    Carthage 

Granite Egypt 

Limeitone,  containing  shells    Port  Mahon 

Anti,o.Pon*ry.    .    .     {^^^ ''^ 

Native  Sulphur Sicily 

Do    Sulphate  of  Iron   .    .     do. 
Suite  of  Magnesian  minerals     Hoboken  N.  J. 

Fibroiite Chesterfield, 

Spodumene,  Indicolite,  ke.      Goshen.  Mass. 

Cpidote Plymouth,  Vt. 

Carbonate  of  Iron    ....       do. 
Greenstone ;  contalaiog  round- ) 

ed  nodules  of  a  dark  green 

colour,  which  on  eiamina^  >  Gill|  Mass. 

tion  I  find  to  be  the  Chlo- 

ropheite.    J.  W.  W.  J 

Grey  Manganese    •  .  *  .    .    .    N.  Scotia 
A  series  of  Rocks  and  Miner-  > 

als,  with  a  Memoir  on  the  >  Cornwall,  Eng. 

same  ) 

Bulphuret  of  Copper  and  Lead  Sharon,  Mass. 

Alum  Slate. j  ^uSd?  ""^  *''''*' 

Idocrase Worcester,  Mass. 

Red  and  Black  Spinel    . 

Amphibole 

Brucite 

Dysluite 

RedOsideof  2inc     .    . 
Green  Feldspar 
fee. 

Petalite / 

Seapolite >  Bolton,  Mass. 

Tttrocolumbite ) 


Israel  Thomdike  jr  Esq. 


Bfrl.CosMnsjrN.T. 


^  Rev.  Bfr  Hitchcock. 


Mr  Alger,  Boston. 

IRev.  fiir  Rogers,  Eng- 
land. 


Dr  Harris,  Milton. 
.  AppleU 
Boston. 


!N.  Appleton,  Esq. 
r  - 


Warwick,  N.Y. 


MrNuttall. 


>  Mr  Jackson,  Stirling. 


Otneral  InteUigenct» 
Botanical  Garden,  CambnJ^e. 
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A  list  of  the  plants  which  have  flowered  in  the  Botanical  Gar- 
den at  Cambridge,  within  the  last  two  months.  [Communicated 
by  Mr  Nuttall.] 


Agrottemma  coronaiiaf 

JVwr^tf. 

Aadepias  tuberon^ 

U.Staies. 

Anoda  triloba. 

Mexico. 

mtidllata. 

do. 

Amarantbus  tricolor. 

China. 

phytDlaocoidob 

do. 

faybridus. 

V.Suae$. 

do. 

sanguineuif 

Bahama. 

amoena. 

do. 

caudatiu^ 

E,  India, 

ayriaca. 

do. 

«           Tiridi^ 

do. 

linearis. 

S»  America,   . 

viriuu. 

U.  States, 

Aloysia  dtriodon. 

Biesaco. 

cblorostachys. 

Aster  conyBoides, 

U.  Slates. 

Berethaldu, 

MuTope. 

do. 

littoralis, 

do. 

macropbyllus, 

do. 

polygonoides. 

do. 

ATena  iatua. 

Europe. 

AntbemU  altissima, 

'do. 

elatior. 

do. 

arabica, 

Bofhary. 

Alcearo6ea,(9ikifiyvarie(jfOC%ma. 

mixtay 

Europe. 

iEsculus  pavia. 

U.  States. 

austriara, 

do. 

macrostachya. 

Florida. 

Pyrethrum, 

do. 

glabra, 

Pemujflvania. 

discoidea. 

liafy,  Greece, 

Europe. 

AnagaUis  coerulea. 

Europe. 

Ardesia  crenulata, 

Antilles. 

phcenicea. 

U,  Spates, 

Artemisia  abrotanum. 

Europe. 

Acbillea  millefblium. 

Europe, 

Dracunculus, 

Sberia. 

Achyrophora  Balbis'u, 

do. 

Bidens  grandiflora. 

Unknown. 

Atbanaaia, 

C.  G.  Hope, 

Betonica  stricU,        • 

Europe. 

Aspidium  exalutum. 

N,  HoOand. 

Biscutella  dcboriifolia. 

do. 

trifoliatuixi. 

fF,  Indies, 

columns. 

do. 

ahepherdii. 

do. 

Boraga  cretica. 

Crete. 

imrcrinn^mp 

V.  States. 

africana. 

Afiica. 

«     acbrosticboides. 

do. 

JF.  Indies. 

cnstatiuOa 

do. 

Jamaica. 

Aloe  pentagona, 

C,  G.  Hope. 

Beckea  viigata. 

N.Holland. 

spiralis. 

do. 

Bninswigia  multiflora. 

C.  G.  Hope, 

do. 

Campanula  sibfaica* 

Siberia. 

viscosa. 

do. 

medium, 

Germany. 

retusa. 

do. 

glomerata, 

Europe. 

verrucosa. 

do. 

persidfolia. 

do. 

Amaryllis  equestris, 

Braal. 

rotun^lia. 

U.  States. 

formosissima. 

S,  America. 

perfoliata. 

do. 

purpurea. 

C.  G.  Hope, 

Cassia  marilandioa. 

do. 

.      jalcata, 

do. 

N.CaroHna, 

longifolia. 

do. 

Carduus  marianui^ 

Europe. 

pumilio^ 

do. 

Citcalia  Gocdneay 

MetsGo, 

Atamasoo, 

rtrginia. 

do. 

Agapantbus  umbeUatus, 

C.  G,  Hope. 

Cicer  arietinum. 

Eunpe. 

ensifolius, 

do. 

Coreopsis  tinctoria. 

U,  States; 

minor. 

do. 

granfiflora. 

do. 

Afdepias  enrasiavicai 

S.  America. 

do. 

fruticosa. 

C.  G.  Hope. 

tripteris, 

do. 

matdea,* 

Florida. 

Calopogon  pulcbeUum, 

do. 

*  JUatelsa  1  Ueoie.    Nuttall  in  SiUiman's  Journal,  vol.  v.  p.  291,  and  proves,  on  culti- 
vatlOD,  10  be  an  Asdepias  witb  tbe  seeds  destUate  of  a  coma. 
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Caona  coccioea, 

pateni, 
Ccntaurea  moschtta^ 

cyanus, 

aulphurea, 

elongata, 

nigra, 

atropurpurea, 
Celosia  cristata, 
Corydalia  fungosa* 

glauca, 
Cleome  pentaphylla, 
Cbmmelina  erecta, 
0>nvolTulu8  aepiuiDy 

an-enaisy 
Crepia  roaea, 

Dioscoridia, 

graveolena, 

croatica, 

aspera, 

parviflora, 

alpina, 

aprengeriano, 
Ccntrospennuni  chyraan-  ] 
tbum,  \ 

Cbrysanthemum  senecioi-  ] 
dea,  1 

Clitoria  ternatea, 
Cleniatis  viticella,       . 

vitalba, 

int^rifolia, 
*    vir^^iniana, 
Cttctita  melocactua, 

grandiflonis, 
Cn<K>rum  tricoocum> 
Cyrtanthus  obliquua, 
Ceropegia  ^craaaSfoUa, 
Cbironia  linoidea, 
Correa  alba, 
Craaaula  coccinea, 

versicolor, 
Cypenia  papyrus, 
Cymbldiuro  altum, 
Cucubalus  atdlatua, 
Dijecbampia  acaodena, 
Datura  stramonium, 

metel, 
Doodia  aspera, 
Pablia  pinnata,  (plena) 
DracQcephalum  denticuw 
latum* 


&  America. 

Sracoce|Kiaiom  Tirginianii 

^tVirgum. 

E.  India. 

Dolichoa  Labbib, 

E.Indies. 

Greece. 

Siberia. 

Europe, 

conaolida. 

Europe. 

do. 

datum. 

SUferku 

do. 

Dianthus  chinenais. 

China. 

do. 

ddtoidea^ 

England. 

do. 

baxtatus. 

Europe. 

India. 

proUfer, 

do. 

U.  States. 

Caiyophyllua, 

Itafy. 

do. 

alpestria. 

Swusenandm 

India. 

plumariua, 

do. 

Virgmia. 

Digitalis  purpurea. 

England. 

U.  States. 

media. 

Europe. 

do. 

Ecbites  grandifloif , 

E.Indies. 

Europe. 

W.Indies. 

do. 

Erica  Thunbeigia, 

C.  G.  Hope, 

do. 

▼entricosa. 

do. 

do. 

mammoaa. 

do. 

do. 

do. 

do. 

tetralix  (alba.) 

Europe. 

do. 

Erysimum  hieracifolium, 

do. 

do. 

cbeirantboidea. 

do. 

do. 

Itafy. 

vulgare. 

Europe. 

do. 

grandiuorum. 

Earoary. 

Europe. 

E.  Indies. 

Eupatorium  TertidUetum, 

estates^ 

Italy. 

perfoliatum. 

do. 

Eurojte. 

teucrifolium. 

do. 

TaHary. 

JUdJbKr. 

U.  States. 

Eiyngium  viiginicum. 

rtfginia. 

W.  Indvps. 

planum. 

Austna. 

do. 

Euphorbia  Lathj'ris, 

Europe. 

SiMtn, 

Erythrina  CrisU  gaUi, 

JBraxu. 

C.  G.  Hope. 

a,  jtfnenoa. 

E.  Indies. 

globoaa. 

India, 

C.  G.  Hope, 

Glaucium  maritimum. 

JSurope. 

N.  HoUand. 

Virginia. 

C  G.  Hope. 

Gloxinia  speciosa. 

Mexico, 

do. 

Geum  urUnum, 

Europe. 

Egypt. 

album, 

U.  States. 

W.  Indies. 

^nudum. 

do. 

U,  States. 

Hibucus  palusbria, 

do. 

W.  Indies. 

militaria. 

Virgmia. 

U.  States. 

trionum. 

Italy. 

Asia^Africa. 

esculentua, 

India. 

N.  HoUand. 

ayriacua. 

S^. 

Mexico, 

Rosa  Sinenaia, 

China, 

'  8.  Carolina. 

Heliopais  laevia. 

U.  States. 

Mexico. 

*  C.  crassifolia^  foliis  lanocolatia  undalatis  camosis,  pedunculia  aubtrifloiia,  imdice, 
l}ul!)osa. 

HAB.  In  India,  and  introduced  from  the  Cape  of  Good  Hope  by  the  late  Mr  May. 
'Xtve  flowers  grecoiftb  aiMl  brown  with  the  border  singularly  coBnivent  at  Um  taniBit. 
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Hdianftlitts  tncheUfoUus. 

U.  Stales, 

Lob^afulgida, 

petiolaris. 

BedBner. 

cardinalis, 

cuMscens, 

Lamtiana. 

pallida. 

tuberotus, 

Braal. 

Erinus, 

Hydnngea  hortensis. 

China. 

Lathyrus  tingitanus, 

mvcSy 

Georgia. 

myrtifolius. 

Hemerocallis  flava« 

HUHg^, 

coccineus. 

Mn, 

OdM. 

Linaria  major  flava. 

coenilea. 

Japan. 

Lathyrus  odoratus. 

JHviKncuni  IcuiDimuina 

U.  States. 

Lychnis  fulgida. 

do. 

Madia  viscosa, 

Sarothia, 

do. 

Malachodendron, 

perforatum. 

do. 

MirabilUjaUpa, 

Hypochcm  dimorpha. 

Europe. 

Mentha  borealis. 

HedypnoiB  caipica. 

do. 

viridis. 

,Menco. 

piperita, 

Humea  elegaos. 

N.HoUand. 

rocundifoUa, 

HoyacarDow, 

Odna. 

Monarda  Russeliana, 

Hedychium  longifolium. 

K  Indies. 

oblongata, 

coccineum. 

do. 

purpurea, 

gardenerium, 

E.  Indies. 

didyma. 

Hydropeltis  purpurea. 

U.  States. 

clinopodia. 

Haemaothus  coccineus 

C.  G.  Hope. 

punctata, 

Iris  Pseudacorus, 

U.  States. 

Malva  sylvestris, 

pallida, 

Europe. 

Alcea, 

Ipomoea  Qmamoclit, 

Mexico. 

Mart}mia  proboscidea. 

cocciiiea» 

U.  States. 

Morea  nortbiana. 

nil. 

JS.  indies. 

iridioides. 

purpurea. 

India, 

Maurandia  semperflorens. 

tricolor. 

do. 

personata. 

pandunta  (plena,) 

U.  States. 

Mahemia  indsa. 

Kcnipforia  rotunda. 

India. 

Kitaibelia  Titifolia^ 

Hungary. 

bum,             : 

lactuca  palmata. 

Europe. 

Napaea  Isevis, 

JuftDtftDft  ^^AOS&r&A 

FMda. 

Nepcta  augustifolia. 

trifolia. 

S.  America, 

Cataria, 

Radttla. 

St.  Vincents. 

longiflora. 

odonta. 

fr.  Indies. 

Nicandra  physalodes. 

Lavaten  triloba. 

I^MOH. 

Niootiana  Tabacum, 

maritinia. 

Europe. 

rustica. 

thuimgiaca. 

do. 

paniculata. 

arborea. 

do. 

quadrivalWs, 

I«6ptandra  vuginica. 

U.  States. 

Langsdorfii.          ^ 

Lyriodendron  tuliptfera. 

do. 

Kemophila  nemerosa, 

Lysimachia  hybrida. 

do. 

NutUlia  digitata. 

cfliata. 

do. 

pedata. 

racemosa. 

do. 

Nymphsea  odorata, 

quadrifolia. 

do. 

Orchis  fimbriau. 

Lotus  gracilis. 

Europe. 

grandiflora. 

■uaveolens. 

do. 

cUiaris, 

jacob«a. 

Isle  St.  James. 

herbiola, 

S.  Europe, 

bicpliariglottis, 

luteus. 

Sicily. 

dilaUta, 

Lilium  tigrinum. 

Tartary. 

lacera, 

pfaUaddphicum, 

U,  States. 

tridcutata, 

canadense. 

do. 

Olea  capensis. 

superbum. 

do. 

europaea. 

caiMfiduB 

Palestine,  j-c. 

(Enotlien  speciosa, 

Mexico. 
U.  States. 

do. 
C.  G.  Hope. 
Tangiers' 
U.  States. 
Italy. 
Smtxerland. 

do, 
Russia. 

cm. 

GeorgUi. 
Mexico. 
U.  States. 
Europe^Amer, 

do, 

do. 
jfrkansa. 
U.  States. 

do. 

do. 

do. 

do. 
Eurojte. 

do. 
DHaware. 
BrasU. 
C.  G.  Hoj}e. 
Mexico. 

do. 
C.  G.  Hope. 

"-     do. 

U.  States. 
Europe. 

do. 

do. 
Mexico. 
S.  Ameriea. 
Tartary. 
S.  America, 
Missouri, 
Eraail. 
Arkansa. 

do. 

do. 
U  States. 

do. 
Massachusetts, 


do, 
N.  Hampshire. 
Massachusetts. 

do. 
C.  G.  Hoije. 
S.  Europe. 
Arkama, 
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(Eaothera  serrulata, 

triloba, 

pumila, 

fruticosti, 

rouricala, 

grandi  flora, 

purpurea, 

*cruciaUy 
P^ssiflora  lutea, 

ceonilea, 

**      aagusUfoUa, 
Fapaver  liueaa, 

bracteatum, 

somniferum, 

orieDtale, 
PenUtemon  digitalis, 
Phlox  caroKna, 
PbtentiUa  tridentata, 

fruticosaf 
Plumbago  capensis, 
Pteris  hastata, 

Plumerii, 
PoChos  Unceolata, 
Phylica  ericoid«8y 
Roia  muscoaa, 

muacoM  alba, 

macartneyana, 

ckinensiat 

**     odoratiadmiy 
Rudbeckia  purpuitsa, 
'  fulgid^ 

laciniata, 
Rubus  odoratus, 

fruticoauA  (plena,) 

occidentaUa, 

flagellaria, 

idsut, 
Rata  tuWrculata, 

graveolens. 
Salvia  Sclarea, 

officinalis, 

aurea, 

▼erticillata, 
ScolyiHOs  hispanicus, 
Scrophularia  raarilandica, 
Scutellaria  gblericulata, 


do. 
U,  States. 

do. 

do. 

do. 
S.  America. 
Mcaaacku$eU$. 
DHaware. 
8.  America, 

do. 
JaUtcpe. 


Scutallarife  byaaopifcoli^ 


8.  Europe* 
Levant. 
ArkantoM, 
S.  CairoHna. 
Mattackuum. 

do. 
C.  G.  Hope. 
W.  Iw&et. 

do, 
Srasoi. 
C.  G,  Hope. 
Europe. 

do, 
Ckma- 

do. 

do. 
rtrgmia, 

do. 
Mat$ackusett$, 
U.Statet, 
Europe. 
U.  Slatet. 

do. 
Matsackutetli, 

8.  Europe, 
Europe, 

do. 
a  G.  Hope. 
Germany. 
S.  Europe. 
U.  States, 


Sideritis  cretica, 

puUuknci, 

hytiopifeKa, 
Sesamiua  oriaitale, 
Slphium  oooaatttoi, 
Solidago  argutif 

•ltistei» 

odon, 
Sptrtimn  scoparivn^ 
Stevia  aphaeelata, 
Stacfay  Sidcritiiy 

gennanict, 
Solanum  foaUnefluuiiii» 

melongena, 

Lycopersicuiiy 

nigrum* 

I]iilcanwrt. 

in^cum, 
Sdago  laidcuUta, 
Silene  coronatii 

armaria, 

viscaria, 


do. 
Crete, 


India. 

8.0trQlmm. 

U. 


Emtope^ 


do. 

S.A\ 

do. 


tatarica. 


Synedralla  nodiaon, 
Tigridia  pavonia, 
Tagetes  patula. 


IfoHa, 

C.  G.  Hope. 

Europe, 


do. 
J^artary, 
U.  States. 
8.Amerkgi 


Tamariacua  galUciu,  Europe. 

Valeriana  officinalis,  do. 

Volkameria  iTagnuis.(plena}  Jkm. 
Villarsia  aquatica,  U.  8 

Verboia  haatata,  do. 

VeriMBcam  paniculatum,     Europe. 

Uattaria, 

Thapaus, 
Woodsia  pubescens, 
Yucca  filunentosa, 

recunrifdiaa 
.  glorioaa, 
Zinnia  midtiflora, 

el^ans. 


Ssiutkem  States, 


*  (E.  cntciata,  putali&  Jinearibus,  foliis  lanceolatis  planis,  staminibus  lon^itadine  co- 

Ors.    AUird  to  (E.  parvijhra  but  constant  in  the  clwracler  of  linear  petals.    Found 

nc.M  Couconl. 
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